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PREFACE 

This Illustrated ElectriCt^j Safety Standards guide was developed by thie Occupational 
Safety and Health Administration (OSHA) to serve as a supplement to OSHA's Electrical 
Safety Standards, 29 CFR 1910, Subpart S, Electrical. It is intended to serve as a guide to 

the Electrical Safety Standapds to address the needs of the layman, both employer and 

{. 

employee alike. This safety standards gjiide provides additional explanation and clarification 
for use by individuals who have little or limited training or familiarity with the field of 
electricity. However, no attempt has been made to explain the basic principles of elec- 
tricity, and an understanding of these principles would be useful. Some of tlie more tech- 
nical provisions are explained to a level of detail appropriate to achieve an appreciation 
of the hazards involved and an understanding of the correct safeguards or precautions 
that should be employed. 

The^illustrated-guide follows the^ format of 29 CFR 1910, Subpart S as it would appear 
in the Federal Register . A number of sections in the standards, which are marked with 
bullets (•), have been singled out for explanation^ Explanations and illustrations, which follow 
these provisions, are printed in different type and are offset by lines framing the text and 
associated figures. Additionally, the table of contents is k^y^d with bullets to show which 
paragraphs are explained. 

This document is designed to be used for many purposes; training, education, infor- 
nation, a"d assistance in complying with the regulations. It can be used by a variety 
of people in a variety of positions; the layman, worker, employer, compliance safety 
and health officer, uivten official, educator, and others. The intent, no matter how it is 
used or who uses it, is to provide a better understanding of the OSHA safety requi^ments 
^ in hopes of reducing the pros[iects of electrical injury. 
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$1910.303 General requirements . 

(a) Approval . The conductors and equipment required or permitted by this subpart shall 
be acceptable only if approved. - ^ 

(b) Examination^ installation^ and use of equipment . 

(IJ Examination . Electrical equipment shall be free from recognized hazards that 
are likely to cause death or serious physical harm to employees. Safety of equip- 
ment shall be determined usir^ the following considerations: 

(i) Suitability for installation and use in conformity with the provisions of 
this subpart. Suitability of equipment for an identified purpose may be 
evidenced by listing or labeling for that identified purpose. 

(ii) Mechanical strength and durability, includir^, for parts designed to enclose 
^ and protect other equipment, the adequacy of the protection thus provided. 

(iii) Electrical insulation. 

(iv) Heading effects under conditions of use. 

(v) Arcirg effects. 

(vi) Classification by type^ sise, voltage, current capacity, specific use. 

(vii) Other factors which contribute to the practical safeguardirg of eniployees 
using or likely to come in contact with the equipment. 

(2) Installation and use . Listed or labeled equipment shall be used or installed in 
accordance with any instructions included in the listing or labeling. 
• (c) Splices . Conductors shall be spliced or joined with splicing devices suitable for the 
use or by brazir^, weldir^, or soldering with a fusible metal or alloy. Soldered splices 
shall first be^Jstf^plteed or joined as to be mechanically and electrically secure with- 
J^fP'^^fnd then soldered. All s^^lices and joints and the free ends of conductors 
shall be covered with an insulation t;quivalent to that.of the conductors op v;ith an 
insulating device suitable for the pu, pose. 



♦ SPLICES 

WHEN ELECTRICAL CONDUCTORS AR^JOINED TOGETHER BY SPLICING, THE 
CONNECTION MUST BE STRONG AND SAFE. fT MUST ALSO PROVIDE A PATH FOR THE 
CONTINUOUS FLOW OF ELECTRICITY THESE REQUI REMENTS CAN BE MET BY USING A 
MECHANICAL SPLiCING DEVICE OR BY WELDING, BRAZING, OR SOLDERING THE 
CONNECTION. 

MECHANICAL SPLICING DEVICES RANGE FROM COMMON WIRE NUTS TO THOSE 
THAT EMPLOY A COMPRESSION-TYPE FITTING TO HOLD THE CONDUCTORS SECURELY 
ANDTOPROVIDE A SUITABLE, SAFE SPLICE. FIGURE 1 SHOWS SOME OF THE MORE 
COMMON MECHANICALSPLICiNG DEVICES. 

A SAFE SPLICE CAN ALSO BE MADE BY WCLDING OR BRAZING THE ENDS OF THE 
CONDUCTORS TOGETHER, FORMING A PERMANENT BOND BETWEEN THE METALS. 
SOLDERED SPLICES, HOWEVER, ARE NOT SECURE CONNECTIONS UNLESS THEY ARE 
FIRST PROPERLY JOINED MECHANICALLY BEFORE SOLDERING TO ACHIEVE THE SAME 
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Outer Insulation 



Conductor 
Grip 




Mechanical Splicing Device 



Speaal Tool Required to 
Crimp Connector to 
Condu':tor 





Splicrng Devtce With Crimptng Tool 





Split-bolt 
Tap-joint 
Connector 



Solderless screwon connectors (commonly called wire 
nuts) can be Msed insteed of soldering Joints. These connectors 
ere mecte of plastic^ bokellte, or porceleln and are threedsd 
inside to screw onto here wiras forming a pigtail sptice. (The bar^ 
ends of the wire are first twisted together, then, 
the wire nut i^ threaded on in the«(ame direction^ 

FIGURE 1, SAMPLE MECHANICAL SPLICING DEVICES 



STRENGTH AS THAT OF THE CONDUCTORS BEING JOINED. THIS CONNECTION MUST 
ALSO PROVIDE A PATH FOR THE CONTINUOUS FLOW OF ELECTRICITY. THE SOLDER 
CAN THEN BE APPLIED. ONE PROPER SPLICING METHOD IS ILLUSTRATED IN FIGURE 2. 

TO PREVENT ELECTRIC SHOCK OR FIRE, ALL SPLICES AND FREE ENDS OF CON- 
DUCTORS MUST BE COVERED WITH AN INSULATION THAT WILL WITHSTAND THE SAME 
ENVIRONMENTAL CONDITIONS AND VOLTAGES TO WHICH THE ORIGINAL CONDUC- 
TORS ARE SUBJECTED. SUITABLE INSULATION FOR LOW VOLTAGE CONDUCTORS 
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Step No. 3 S^pNo.4 

FIGURE 2. ^NDUCTORS IWECHANJCALLY JOINED AND SOLDERED 

{LESS THAN (^00 VOLTS) INCLUDES ELECTRICAL TAPE, END CAPS THAT ARE 
APPROVED FOR THE PURPOSE, AND SHRINK SLEEVES. SHRINK SLEEVES PROVIDE A 
TIGHT-FITTING, UNIFORM INSULATION WHEN HEATED. FIGURE 3 ILLUSTRATES THE 
PROPER APPLICATION OF ELECTRICAL TAPE. 




FIGURE 3. INSULATING A SPLICE WITH ELECTRICAL TAPE 
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(d) Arcing parts . Parts of electric equipment which in ordinary (deration produce arcs, 
sparks, flames, or molten metal shall be enclosed or separated and isolated from 
all combustible material. 

(e) Marking . Electrical equipment may ^t be used unless the manufacturer's name, 
trademark, or other descriptive marking by which the organization responsible for 
the product may be identified is placed on the equipment. Other markings shall be 
provided giving voltage, current, wattage, or other ratings as necessary. The mark- 
ii^ shall be of sufficient durability to withstand the environment involved. 

• (f) Identification of disconnecting means and circuits . Each disconnecting means required 
by this subpart for motors and appliances sl:iall be legibly marked to indicate its pur- 
pose, unless located and arranged so the purpose is evident. Each service, feeder, 
and branch circuit, at its disconnecting means or overcurrent device, shall be legitjly 
marked to indicate its purpose, unless. located and arranged so the purpose is evident. 
These markings shall be of sufficient durability to withstand the environment involved. 



• IDENTIFICATION OF DISCONNECTING MEANS 

A DISCONNECTING MEANS iS A SWITCH THAT IS USED TO DISCONNECT THE CON- 
DUCTORS OF A CIRCUIT FROM THE SOURCE OF ELECTRIC CURRENT. DISCONNECT 
SWITCHES ARE IMPORTANT BECAUSE THEY ENABLE A CIRCUIT TO BE OPENED, STOP- 
PING THE F LOW OF ELECTRICITY, AND THUS CAN EFFECTIVELY PROTECT WORKERS 
AND EQUIPMENT. 

EACH DISCONNECT SWITCH OR OVERCURRENT DEVICE REQUIRED FOR A SERVICE, 
FEEDER, OR BRANCH CIRCUIT MUST BE CLEAR'.Y LABELED TO INDICATE THE CIR- 
CUIT'S FUNCTION, AND THE LABEL OR MARKING SHOULD BE LOCATED AT THE POINT 
WHERE THE CIRCUIT ORIGINATES. FOR EXAMPLE, ON A PANELTHAT CONTROLS 
SEVERAL MOTORS OR ON A MOTOR CONTROL CENTER, EACH DISCONNECT MUST BE 
CLEARLY MARKED TO INDICATE THE MOTOR TO WHICH EACH CIRCUIT IS CONNEC- 
TED. IN FIGURES 4 AND 5, THE NUMBER 2 CIRCUIT BREAKER JN THE PANEL BOX SUP- 
PLIES CURRENT ONLY TO DISCONNECT NUMBER 2, WHICH IN TURN CONTROLS THE 
CURRENT TO MOTOR NUMBER 2. THIS CURRENT TO MOTOR NUMBER 2 CAN BE SHUT 
OFF BYTHE NUMBER 2 CIRCUIT BREAKER OR THE NUMBER 2 DISCONNECT* 

IDENTIFICATION SHOULD BE SPECIFIC RATHER THAN GENERAL A BRANCH CIR- 
CUIT SERVING RECEPTACLES IN THE MAIN OFFICE SHOULD BE LABELED AS SUCH, 
NOT SIMPLY LABELED "RECEPTACLES." 

IF THE PURPOSE OF THE CIRCUIT IS OBVIOUS, NO IDENTI FICATION OF THE DIS- 
CONNECT IS REQUIRED. (SEE FIGURE 6). 

ALL LABELS AND MARKINGS MUST BE DURABLE ENOUGH TO WITHSTAND 
WEATHER, CHKMICALS, HEAT, CORROSION, OR ANY OTHER ENVIRONMENT.JO WHICH 
THEY MAY BE EXPOSED. 

FIGURE 6 SHOWS A DISCONNECT SWITCH WHICH IS LOCATED ON MACHINE AND 
THUS ITS PURPOSE IS EVIDENT. 
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J 1 I i 1 i I iJ 



tUfotor No> 1 J» Controlled by 
Di»oonnect.No> 1 and Circuit 
Breaker No. 1 



NOTE: A» »hown in dtaQram, the imrpo»at of thata dttconnecting »witche> are ctearly aviderrt. tn luch C8»e» 
identification may b« omitted^ In the actual Inttatlation however, the motor* may not be within tight of the 
ditconnecti or arran9«d in fuch « way that the purpota h not evident and identHication would be reqfj^ed* 

FIGURE 4. ^ACH DISCONNECT AND CIRCUIT REQUIRES IDENTIFICATION 
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Disconnect Switch 
Located on Machine 



FIGURE 6. DISCONNECT SWITCH LOCATED ON MACHINE; NO LABEL REQUIRED 



(g) 600 Volts, nominal, or less. 

(I) Working space about electric equipment . Sufficient access and working space 
shall be provided and maintained about all electric equipment to permit ready 
and safe operation and maintenance of such equipment. 

(i) Working clearances . Except as required or permitted elsewhere in this subpart, 
the dimension of the working space in the direction of access to live parts 
operating at 600 volts or less and likely to require examination, adjustment, 
servicing, or maintenance while alive may not be less than indicated in Table 
S-l." In addition to the dimensions shown in Table S-1, workspace may not 
^ be les&tTian 30 inches wide ih fron^t of the electric equipment. Distancesr 

shall be measured from the live parts if they are exposed, or from the enclo- 
sure front or opening if the live parts are enclosed. Concrete, brick, or tile 
walls are considered to be grounded. Working space is not required in back of 
assemblies such as dead-front switchboards or motor control centers where 
there are no renewable or adjustable parts such as fuses or switches on the 
back and where all connections are accessible from locations other than 
the back. 
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Table S-1 
Working Clearances 

2 

Nominal Minimum clear distance for condition 

Voltage to Ground , (a) (b) (c) 



(Feet) (Feet) (Feet) 

0-150 ' 3^ 3^ 3 

151-600 3^ 3 1/2 4 

^Minimum clear distances may be 2 feet 6 inches for installalions built prior to April 
16,1981. 

• " Conditions (a), (b), and (c) are as follows: (a) Exposed live parts on one side and no 
live or grounded parts on the other side of the working space, or exposed live parts 
on both sides effectively giiardeij by suitable wood or other insulating material. Insu- 
la* ?d wire or insulated busbars operating at not over 300 volts are not considered live 
parts. ^) Exposed live parts on one side and grounded parts on the other side, (c) Ex- 
posed live parts on both sides of the workspace [not guarded as provided in Condition 
(a)] with the operfi+or between. 



r WORKING CLEARANCES 

TABLE S-1 ESTABLISHES THE MINIMUM CLEAR DISTANCES THAT AKE REQUIRED 
AROUND ELECTRICAL EQUIPMENT RATED AT 600 VOLTS OR LESS- MINIMUM CLEAR 
DISTANCES ARE THE SHORTEST DISTANCES WHICH MUST BE PROVIDED TO AFFORD 
A WORKER ENOUGH ROOM TO WORK SAFELY NEAR ENERGIZED ELECTRICAL EQUIP- 
MENT. SPECIFICALLY, THESE DISTANCES ARE ESTABLISHED ACCORDING TO THE 
TYPE OF ELECTRICAL HA'ZARD PRESENTED BY THE ARRANGEMENT OF EQUIPMENT, 
AS DESCRIBED IN CONDITIONS (a), (b), AND (c). 

CONDITION (a) DESCRIBES A LOCATIOI^ WHERE THERE ARE LIVE ELECTRICAL 
PARTS ON ONE SIDE OF THE V/ORKER AND NO LIVE OR GROUNDED PARTS ON THE 
OTHER SIDE (SEE FIGURE 7). IF, FOR EXAMPLE, A WORKER IS SERVICING A PANEL- 
BOARD THAT HAS EXPOSED LIVE BUSBARS AND THERE IS A WALL CONSTRUCTED 
OF NON-CONDUCTIVE MATERIAL SUCH AS WOOD OR SHEETROCK BEHIND HIM, A 
MINIMUM SAFE WORKING CLEARANCE OF 3 FEET, MEASURED FROM THE LIVE PARTS 
TO THE WALL, IS REQUIRED. ADDITIONALLY, IFTHERK ARE EFFECTIVELY GUARDED 
LWE ELECTRICAL PARTS ON BOTH SIpES OF THE WORKER, THEN CONDITION (a) FOR 
SAFE CLEARANCES ALSO APPLIES. LIVE PARTS THAT ARE EFFECTIVELY GUARDED 
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Minimum dear working space measured from 
the live perts. The distance varies with the 
voltage as provided in Tetiles S-1 and S-2. ^ 




Exposed Live Busbar 



FIGURE 7. CONDITION (a) - LIVE PARTS ON ONE SIDE AND NO' 

LfVEOR'GROaNDrD"PAR'[S"ON"THE OTHERSTDl " " 

INCLUDE INSULATED CONDUCTORS (OPERAt)[JIG AT 300 VOLTS OR LESS) AND 
EXPOSED SWITCHGEAR GUARDED WITH AN INsWaTING BARRIER. 

HOWEVER, ELECTRICAL EQUIPMENT INSTALLED BEFORE APRIL 16, 1981, IS PER- 
MITTED TO HAVE A MINIMUM CLEAR WORKING DISTANCE OF 2-1/2 FEET UNDER 
CONDITION (a). \ 

CONDITION (b) DESCRIBES A SITUATION WHERE THERE ARE EXPOSED UVE PARTS 
ON ONE SIDE OF THE WORKER AND GROUNDED PARTS ON THE OTHER. FOR EXAM- 
PLE, IF LIVE SWITCHGEAR OR OPEN CONDUCTORS OPERATING AT 150 VOLTS TO GROUND 
OR LESS ARE IN FRONT OF THE WORKER AND A GROUNDED EQUIPMENT ENCLOSURE 
fS BEHIND (SEE FIGURE 8), THE MINIMUM CLEAR WORKING DISTANCE MUST BE 3 FEET 
(2-1/2 FEET FOR EQUIPMENT INSTALLED PRIOR TO APRIL 16, 1981). FOR EQUIPMENT 



tUfinimum dear working spac6 measured from 
the live parts. Thft distance varl6» with the 
voltage as provided in Tables S-1 and 




Grounded _[ 
Surface 

(No Access to Uva Parts) 



FIGURE B. CONDITION (b) - EXPOSED LIVE PARTS ON ONE SIDE AND GROUNDED 

PARTSON THE OTHER SIDE 



OPERATING AT 151 TO 600 VOLTS TO GROUND UNDER THE SAME CONDITIONS, THE WORK- 
ING DISTANCE MUST BE 3*1/2 FEET, THESE DISTANCES ALLOW ENOUGH ROOM TO WORK, 
REDUCING THE POSSIBILITY OF SIMULTANEOUS^^ONTACT WITH THE LIVE PARTS 
'aND13R0UND. CONCRETE, BRiCK, AND TILE WALLS ARE CONSIDERED TO.BE 
'GROUNDED, ALONG WITH ELECTRICAL BOXES, CABINETS, AND ENCLOSURES THAT 
ARE GROUNDED. 

CONDITION ic) DESCRIBES A SITUATION WHERE THERE ARE EXPOSED LIVE PARTS 
ON BOTH SIDES OF THE WORKSPACE. FOR EXAMPLE, IF TWO SWITCHBOARDS ARE IN- 
STALLED OPPOSITE EACH OTHER THE MINIMUM CLEAR WORKSPACE BETWEEN THEM 
IS REQUIRED TO BE 3 FEET FOR EQUIPMENT OPERATING AT 150 VOLTS TO GROUND OR 
LESS. FOR EQUIPMENT OPERATING AT 151 TO 600 VOLTS TO GROUND, THE MINIMUM 
CLEAR WORKSPACE IS 4 FEET. THE REQUIRED DISTANCE INCREASES WITH THE VOLTAGE 
AT WHICH THE EQUIPMENT OPERATES AND IS GIVEN IN TABLES S-1 AND S-2. SEE FIGURE 9. 
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Minimum clear working spSbe measured from 
the live parts; the distance varies with the voltage 
at provided in Tables S*1 and $*2/ 




FIGURE 9. CONDITION (c) - EXPOSED LIVE UNGUARDED PART? ON BOTH SIDES 



(ii) 



(iii) 



(iv) 



(v) 



(vO 



Clear spaces . Working space required this subpart may not be used for . 
storage. When normally enclosed live parts are exposed for inspection or 
servicing, the working space, if in a pjassageway or general open space, shalf 
be suitably guarded. 

Access and entrance to working space . At least one entrance of sufficient 
area shall be provided to give access to the working space about electric 
equipment. 

^ Front working spacjs . Where there are live parts normally exposed on the 
front of switchboards or motor control centers, the wbrking space in front 
of such equipment may not be less than 3 feet. \ ^ * \ 
Illumination . Illumination shall be provided for aHrvtforking spaces about 
service equipment, switchboards, panelboards, and motor control centers . 
installed indoors. 

Headroom . The minimum headroom of working spaces about service equip- 
ment, sV?itchboards, panelboards, or motor control centers shall be 6 feet 



3 inches. 

n6TE; As used in this section a. motor control center is an assembly 
of one or more enclosed sections having a common power bus and 
principally containing motor control units. * 
(2) Guarding of live parts. 

TD Except as required or permitted elsewhere in tnis subpart, live parts of 
electri? equipment operating at 50 volts or more shall be guarded 
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agaiiist accidental contact by approved cabinets op other forms of approved 
en'^iosuresj^or by any of the following means: 

(a) By location in a room, vault, or similar enclosure that is 
^ accessible only to qualified persons.* 
ib) By suitable permanent, substantial ■ nitions or screens 
so arranged that only qualified persons will have access 
to th^ space within reach of the live parts. Any openings 
in such partitions or screens shall be so sized and located 
that persons are not likely to come into accidental contact 
witlj the live parts or to bring conducting objects into contact 
with them. 

(c) By location on a suitable balcony, gallery, or platform 

so elevated and arranged as to exclude unqualified persons. 

(d) By elevation of 8 feet or more above the floor or other 
working surface. 

(11) In locations where electric equipment would J>a^posed to physical 
damage, enclosures or guards shall be so arranged and of such strength 
as to prevent such damage. ^ 
(h) Over 600 volts, nominal . 

{}) Oenerai . Conductors and equipment used on tirouits exceeding 600 volts, 
nominal, sh<ill coipply with all applicable provisions of paragraphs (a) 
through (g) of this section and with the following provisions which supplement , 
or modify those requirements. The provisions of paragraphs (h)(2), (h)(3), 
and (h)(4) of this section do not apply to equipment on the supply side 
of the service conductors. ^ . ' 

(2) Enclosure for electrical inst^tllatlons . Electrical installations in a vault, room, 
closet or in an area surrounded by a wall, screen, or fence, access Jo which is 
controlled by lock and key or othe£ approved means, are considered to be 
accessible to qualified persons only. A wall screen, or fence less thdn 8 feet 
' in height is not considered to^ prevent access unless it has other features that 
provide a degree of isolation equivalent to an 8 foot fence. The entranees*'to 
all buildings, rooms /or^enclosures containing exposed live parts or exposed 
conductors operating at over 600 volts, nominal, shall bfijcept locked or shall 
be under the observation of a qualified person at all tijnes."^ 

(i) Installations accessible to qualified persons only l Electrical installations 
having exposed live parts shall be accessible to qualified persons only and 
shall comply with the applicable provisions qf paragraph (hK3) of this 
section. / / ' ^ 

(ii) Installations accessible to unqualified persons . Electrical installations ^ 
that arc bppn to unqualified persons shall be -made with metal-enclo sed 
equipment or s^all be enclosed in a vault or in an area, access to whicFT " 
is controlled by a lock. If metal-enclosed equipment is installed so that 

the bottom of the enclosure is less than 8 feet above the floor, the door 
or cover shall be kept locked. Metal-enclosed switchgear, unit substations, 
transformers, pull boxes, connection boxes, and other Similar associated 
equipment shall be marked with appropriate caution signs. If equipment 
is exposed to physical damage from vehicular traffif*, suitable guards shall 
be provided to prevent such damage. Ventilating or similar openings in 
metal-enolbsed equipment shall be designed so thdt foreign objects inserted 
' through these open^gs will be deflected from energized parts*. 
^(3) Workspace about equipmen t. Sufficient space shall be provided and maintained 
. ^ about electric equipment to permit ready and safe operation and maintenance 
of such equipment. Where energized parts are exposed^ the minimum clear work- 
space may not be.less than 6 feet 6 inches high (measured vertically from the 
floor or platform), or less than 3 feet wide (measured parallel to the equipment). 

■ • .. " ■ 27 ■ 
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The depth shall be as required in Table S-2. The workspace shall be adequate 
to permit ;ast a 90-degree opening of doors or hinged panels. 
• Work' ts space . The minimum clear working space in front of electric equip- 

. ment such as switchboards, control panels, switches, cu^cuit breajcers, jmotor 

controllers, relays,^nd dmilar'equipment "ifnay^^^ be less than specified 
in Table S-2 unless otherwise specified in this subpart. Distances shall be 
measured from the live parts if they are exposed, or from the enclqgure 
front or opening if the live parts are enclosed. However, working space 
is not required in back of equipment such as deadfront switchboards or con- 
trol assemblies where there are no renewable or adjustable parts (such as 
fuses or switches) on the back and where all connections are accessible from 
locations other than the back. Where rear access is required to work on 
deenergized parts on the back of enclosed equipment, a minimum working 
space of 30 inches horizontally shall be provided. 



• WORKING SPACE IN BACK OF EQUrPMENT 

TABLE S 2 SHOWS THE MINIMUM CLEAR WORKING DISTANCES REQUIRED IN FRONT 
OF ELECTRIC EQUIPMENT THAT IS RATED OVER 600 V. HOWEVER, WORKING SPACE 
IS NOT REQUIRED BEHIND ELECTRIC EQUIPMENT SUCH AS DEADFRONT SWITCH* 
BOARDS OR CONTROL PANELS WHERE PARTS THAT MAY NEED TO BE REPLACED OR 
ADJUSTED, AND ALL CONNECTIONS, CAN BE REACHED FROM LOCATIONS OTHER 
THAN THE BACK. IF IT IS NECESSARY FOR WORKERS TO GO BEHIND ENCLOSED EQUIP^ 
MENT TO WORK ON DE^ENERGIZED PARTS, THERE MUST BE A WORKING SPACE NO 
LESS THAN 30 INCHES WIDE SO THAT THE WORKER HAS ENOUGH ROOM TO MOVE 
AROUND AND TO ESCAPE IN AN EMERGENCY SITUATION. FIGURE 10 DEPICTS BOTH 
SITUATIONS. 




FIGURE 10. WORKING SPACES BEHIND ELECTRIC EQUIPMENT 
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Table S-2 
Minimum Depth of Clear Working 
Space in Front of Electric Equipment 



Nominal Conditions 
Voltage to Ground (a) (b) (c) 



(Feet) (Feet) (Feet) 

601 - 2,500 3 4 5 

2,501 - 9,000 4 5 6 

9,001 - 25,000 5 6 9 

^25,001 - 75kV 6 8 10 

^Above 75kV 8 10 12 



Minimum depth of '^lear working space in front of electric equipment with a nominal volt- 
age to ground above 25,000 volts may be the same as for 25,000 volts under Conditions (a), 
"(b), and (c).ior installations built prior to April 16, 1981. 

2 

• Conditions (a), (b), and (c) are as follows: (a) Exposed live parts on one side and no live 
or grounded parts"on the other side of the working space, or exposed live parts on both 
sides effectively guarded by suitable wood or other insulating materials. Insulated wire 
or insulated busbars operating at not over 300 volts are not considered live parts, (b) 
Exposed live parts on one side and grounded parts on the other side. Concrete, bricl<, or 
file walls will be considered as grounded surf/\ces. (c) Exposed live parts on both sides of 
the workspace not guarded as provided in Condition Ta) with the operator between. 



• MINIMUM DEPTH OF CLEAR WORKING SPACE 

CONDITIONS (a), (b), AND (c) OF THIS TABLE ARE DESCRIBED IN FIGURES?, 8, 
AND 9. THEY ARE IDENTICAL TO THOSE PICTURES FOR LOW VOLTAGE SYSTEMS. 
ONLY THE DISTANCE VARtES ACCORDING TO THE DIFFERENT SYSTEM VOLTAGES. 



(ii) Illumination . Adequate illumination shall be provided for all working spaces 
about electric equipment. The lighting outlets shall be so arranged that 
persons changing lamps or making repairs on the lighting system will not 

be endangered by live parts or other equipment. The points of control 
shall be so located that persons are not likely to come in contact with any 
live part or moving part of the equipment while turning on the lights. 

(iii) Elevation of unguarded live parts . Unguarded live parts above working 
space shall be maintained at elevations not less than specified in Table 
S-3. 
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Table S-3 

Elevatibti of Unguarded Energiged Parts Above Working Space 

Nominal Voltage iMintmum 
Between Phases Elevation 

601^7,500 *8 feet 6 inches 

7,501- 35,000 9 feet 

Over 25kV 9 feet + 0.37 inches per kV above 35kV 

NOTE: Minimum elevation may be 8 feet 0 inches for installations built prior to 
April 16, 1981, if the nominal voltage between phases is in the range of 601- 
6600 volts. 

(4) Entrance and access to workspace. (See §1910.302(b)(3).) 
♦ (i) At least one entrance not less than 24 inches wide and 6 feet 6 inches high 
shall be provided to give access to the working space about electric equip- 
ment. On switdiboard and control panels exceeding 48 inches in width, 
there shall be one entrance at each end of such board where practicable. 
, , Where bare enei^ized parts at any voltage or insulated energized parts 

above 600 volts are located adjacent to such entrance, they shall be suitably 
guarded. 



• ENTRANCES AND ACCESS TO WORKSPACE 

IN ANY WORKSPACE WHERE THERE IS ELECTRIC EQUIPMENT OPERATING AT OVER 
600 VOLJTS, there must be at least one entrance/exit LARGE ENOUGH TO 
ALLOW ITHE WORKER TO SAFELY EWTER THE WORK AREA AND TO EASILY ESCAPE 
FROM \1\ IN THE EVENT OF AN E^.t:RGENCY. THIS ENTRANCE MUST BE AT LEAST 24 
INCHES WIDE AND,6 FEET, 6 INCHES HIGH. IF A SWITCHBOARD OR CONTROL PANEL IS 
MORE THAN 48 INCHES WIDE, TH=RE GENERALLY HAS TO BE ONE ENTRANCE AT EACH 
END O? THE BOARD. BOTH OF THESE ENTRANCES SHOULD ALSO BE AT LEAST 24 INCHES 
WIDE AND 6 FEET, 6 INCHES HIGH. FIGURE 11 SHOWS THE REQUIRED TWO EXITS FOR 
A SWITCHBOARD WITH INTERNAL WORKSPACE. 

ANYpXPOSED ENERGIZED ELECTRIC PARTS OPERATING AT ANY VOLTAGE AND 
LOCATED NEAR THE ENTRANCES MUST BE GUARDED TO PREVENT ACCIDENTAL CON- 
TACT ByItHE WORKER. ANY INSULATED ENERGIZED PARTS OPERATING AT MORE 
THAN 606 VOLTS AND LOCATED NEXT TO THE DOORS MUST ALSO BE GUARDED. 
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"Greater than 48" 
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FIGURE It SWITCHBOARD WITH INTERNAL WORKSPACE 



(li) Permanent ladders or stairways shall be provided to give safe access to 
the working space around electric equipment installed on platforms, bal- 
conies, mezzanine floors, or in attic or roof rooms or spaces. 
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§1910.304 WIRING DESIGN AND PROTECTION 
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§1910.304 Wiring design *and proteetion . — - 
(a) Use and identification of grounded and grounding conductors . 

• (1) Identification of conductors. A conductor used as a grounded conductor shall 

be identifiable and distinguishable from all other conductors, A conductor used 
as &n equipment grounding conductor shall be identifiable and distinguishable 
from all other conductors, 

1 

• THE GROUNDED CONDUCTOR IS AN ENERGIZED CIRCUIT CONDUCTOR THAT IS 
CONNECTED TO EARTH THROUGH THE SYSTEM GROUND. IT IS COMMONLY REFERRED 
TO AS THE NEUTRAL THE EQUIPMENT GROUNDING CONDUCTOR IS NOT AN ENER- 
GIZED CONlDUCTOR UNDER NORMAL CONDITIONS. THE EQUIPMENT G ROUNDING CON- 
DUCTOR ACTS AS A SAFEGUARD AGAINST INSULATION FAILURE OR FAULTS IN THE 
OTHER CIRCUIT CONDUCTORS. THE EQUIPMENT GROUNDING CONDUCTOR IS ENER- 
GIZED ONLY IF THERE IS A LEAK OR FAULT IN THE NORMAL CURRENT PATH, AND IT 
DIRECTSTHIS CURRENT BACK TO THE SOURCE. DIRECTING THE FAULT CURRENT 
BACK TO THE SOURCE ENABLES PROTECTIVE DEVICES, SUCH AS CIRCUIT BREAKERS 
OR FUSES, TO OPERATE THUS PREVENTING FIRES AND REDUCING THE HAZARD OF 
ELECTRICAL SHOCKS. 

THE GROUNDED AND EQUIPMENT GROUNDING CONDUCTORS OF AN ELECTRICAL 
CIRCUIT MUST BE MARKED OR COLOR CODED IN A WAY THAT ALLOWS EMPLOYEES TO 
IDENTIFY THEM AND TELL THEM APART FROM EACH OTHER AND FROM THE OTHER 
CONDUCTORS IN.THE CIRCUIT. 

FIGURE 12 SHOWS A CUTAWAY ILLUSTRATION OF A DISTRIBUTION PANELBOARD. 
ONE MEANS BY WHICH EACH CONDUCTOR'S USE tS I DENTIFIED AND MADE DIS- 
TINGUISHABLE FROM THE OTHER CIRCUIT CONDUCTORS IS THE USE OF COLOR 
CODING. ACCEPTABLE COLOR CODING INCLUDES THE METHOD REQUIRED BY THE 
NATIONAL ELECTRICAL CODE, SECTION 210-5. THE CODE STATES: "THE GROUNDED 
CONDUCTOR OF A BRANCH CIRCUIT SHALL BE IDENTIFIED BY A CONTINUOUS WHITE 
OR NATURAL GRAY COLOR." ALSO, "THE EQUIPMENT GROUNDING CONDUCTOR OF A 
BRANCH CIRCUIT SHALL BE IDENTIFIED BY A CONTINOUS GREEN COLOR OR A CON- 
TINUOUS G REEN COLOR WITH ONE OR MORE YELLOW STRIPES UNLESS IT IS BARE." 
BARE COPPER OR ALUMINUM WIRE IS PERMITTED FOR USE AS A GROUNDING CON- 
DUCTOR. 



ERIC 



33 

17 



Power Supply 




A< Grounded Neutral 
Conductor — 
White or Gray 



Circuit Breaker 

Ungrounded Conductors IVlay 6s Any Color 
Other Than Tho»e U»ed for the Grounded 
Conductor or the Equipment Grounding 
Conductor 



Branch 
Circuit 



3- 



6. Equipment 
Grounding 
Conductor - 
Gresn or Green 
With Yellow Stripe 
or Bare 



A. The grounded conductor i» identified and distinguished 
from other cor^ductors by using white or gray color- 
coded insuiated wires. 

6. Theequipment grounding conductor is identified and distinguished 
from other conductors by using green, or green with 
yellow stripe, color coding on wires or run as a bare conductor. 



FIGURE 12. DISTRIBUTION PANEL80ARD 



(2) Polarity of connections . No grounded conductor may be attached to any terminal 
or lead so as to reverse designated polarity. 

(3) Use of grounding terminals and devices . A grounding terminal or grounding-type 
device on a receptacle, cord connector, or attachment plug may not be used for 
purt^o^es other than grounding. 



• WHEN PLUGS. RECEPTACLES. AND CONNECTORS ARE USED IN AN ELECTRICAL 
BRANCH CIRCUIT, CORRECT POLARI FY BETWEEN THE UNGROUNDED (HOT) CON- 

34 

ERIC ■ 's 



1910,304(al(3) 



DUCTOR. T HE GROUNDED (NEUTRAU^QNDUCTQR, MP , 
DUCTOR MUST BE MAINTAINED. 

REVERSED POLARITY IS A CONDITION WHEN THE IDENTIFIED CIRCUIT CON- 
DUCTOR (THE GROUNDED CONDUCTOR OR NEUTRAL) IS INCORRECTLY CONNECTED 
TO THE UNGROUNDED OR 'HOT' TERMINAL OF A PLUG, RECEPTACLE, OR OTHER TYPE 
OF CONNECTOR. A CORRECTLY WIRED CI RCUIT IS SHOWN IN FIGURE 13A. IF THE 
IDENTIFIED CONDUCTOR IS REVERSED WITH THE HOT CONDUCTOR, THE CURRENT 
PATH DOWNSTREAM OF THE IMPROPER COMtlECTION IS REVERSED. FIGURE 13B 
ILLUSTRATES REVERSED POLARITY. UNDER THESE CONDITIONS MOTOR WINDINGS 
OF TOOLS AND APPLIANCES AND THE SCREW SHELLS OF LAft^PHOLDERS REMAIN LIVE 
AFTER THE EQUIPMENT IS TURNED OFF. SIMULTANEOUS CONTACT WITH THESE 
PARTS AND GROUND WILL CAUSE A SHOCK, AND THE ONLY PLACE TO TURN OFF THE 
POWER WOULD BE ATTHE BRANCH CIRCUIT DISCONNECT. 

FIGURES 13C AND D ILLUSTRATE TWO OTHER POSSIBLE INCOR RECT WIRING CON- 
DITIONS WHICH ARE PROHIBITED BY PARAGRAPH (a)(3), THE GROUNDING TERMINAL 
MAY BE USED ONLY FOR ATTACHMENT OF THE GROUNDING CONDUCTOR. THE 
EXAMPLE IN FIGURE 13C WOULD NOT BE HAZARDOUS AS SHOWN WITH A SINGLE 
RECEPTACLE. HOWE VER, UNDER CERTAIN CONDITIONS, SUCH AS THAT RECEPTACLE 
PLACED !N A CIRCUIT FOLLOWING A RECEPTACLE WITH REVERSED POLARITY, A 
HAZARD WOULD EXIST. THE EXAMPLE IN FIGURE 13D IS THE MOST HAZARDOUS 
CONDITION SHOWN WITH THE UNGROUNDED CIRCUIT CONDUCTOR CONNECTED TO 
THEDRILLHOUSING, 



Live or Hot 
Conductor 



Grounded 
Conductor 




Equipment 
Grounding 
Conductor 



Correct Polarity 
Normal Current Path 
A. 



FIGURE 13. COR RECT AND INCORRECT Wl RING OF DUPLEX RECEPTACLES 
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Grounded 
Conductor 



Equipment 
Grounding 
Conductor 



If Fsult Occur» 
Here Motor VVill Continue 
To Run 




Revened Polarity 

The Hot and the Neutral are Reversed 
The currant path reversed. If switch is off 
most of the circuit inside tool remsfns energized 



Live or Hot 
Conductor 



Grounded 
Conductor 




Equipn)ent 
Grounding 
ConductorX 



Ground snd NeutrsI Reversed 

Showing Currant Path ThrouSh Equipment Grounding Conductor 
Under certain conditions, this conditian could be hazardous* 



FIGURE 13. CORRECT AND INCORRECfT WIRING OF DUPLEX RECEP"rACLES 

(CONTIMUED) 
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Live or Hot 
Conductor 




Grounded 
Conductor 



Equipment 
Grounding 
Conductor 



Live DriU Housing Will Cause a 
PoUntiallv Fata} Electric Shock 
to Anyona Who Attempts To 
H«ndle Drill While in Contact 
With 8 Grounded Surface. 



Hot and Ground Reversed 
Showing Current Path to Equipment 
Housing. 



FIGURE 13. CORRECT AND INCORRECT Wl RING OF DUPLEX RECEPTACLES 

(CONTINUED) 



CORRECT POLARITY IS ACHIEVED WHEN THE GROUNDED CONDUCTOR IS CON- 
NECTED TO THE CORRESPONDING GROUNDED TERMINAL AND THE UNGROUNDED 
CONDUCTOR IS CONNECTED TO THE CORRESPONDING UNGROUNDED TERMINAL THE 
REVERSE OF THE DESIGNATED POLARITY IS PROHIBITED. FIGURE 14 ILLUSTRATES A 



White 
Wire 



Black Wire 




Brass^colored Terminals 



Nickel or Light 
Colored Termlnatf 



Gmft or Bare 
Grounding 
Conductor 



Green 
Hexagonal 
Head Terminal 
Screw 



FIGURE 14. DUPLEX f^ECEPTACLE CORRECTLY WIRED TO DESIGNATED TERMINALS 
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DUPLEX RECEPTACLE CORRECTLY WIRED. TERMINALS ARE DESIGNATED AND IDENTI- ^ 

FIED-TQ-AVOID CONFUSION, AN EASY WAY TQ REMEMBER THE CORRECT POLARITY 

I IS "WHITE TO LIGHT"-THE WHITE WIRE SHOULD BE CONNECTED TO THE LIGHT OR 

/ NICKEL COLORED TERMINAL; "BLACK TO BRASS"-THE BLACK OR MULTI-COLORED 

WIRE SHOULD BE CONNECTED TO THE BRASS TERMINAL; AND "GRSEN TO GREEN/' 

THE GREEN OR BARE WIRE SHOULD BE CONNECTED TO THE GREEN HEXAGONAL 

HEAD TERMINAL SCREW. OTHER METHODS USED TO IDENTIFY DEVICE TERMINALS 

ARE GIVEN IN NATIONAL ELECTRICAL CODE SECTION 200-10. 
. J 

(b) Branch circuits . 

(1) Ground-fault protection for personnel on construction sites . The employer shall 
use either grouncHfauIt oircuit interrupters as specified in paragraph (b)(l)(i) of 
this section or an assured equipment grounding conductor program as specified 
in paragraph (b)(lXii) of this section, to protect employijes on construction sites. 
These requirements are in addition to any other requirements for equipment 
grounding conductors. 

(i) Ground-fault circuit interrupters . All 120-volt, single-phase, 15- and 20-ampere 
receptacle outlets on construction sites, which are not a part of the perma- 
nent wiring of the building or structure and which are in use by employees, 
shall have approved ground-fault circuit interrupters for personnel protection. 
Receptacles on a two-wire, single-phase portable or vehicle-mounted gener- 
ator rated not more than 5kW, where the circuit conductors of the generator 
are insulated from the generator frame and all other grounded surfaces, 

need not be protected with ground-fault circuit interrupters. 

(ii) Assured equipment grounding conductor program ^ Jhe employer shall 
establish and implement an assured equipment grounding conductor progragp 
on construction sites covering all eord sets, receptacles which are not a 
part of the permanent wiring of the building or structure, and equipment 
connected by cord and plug, which are available for use or used by employ- 
ees. This program shall comply with the following minimum requirements; 

(a) A written description of the program, including the specific procedures 
adopted by the employer, shail be available at the jobsite for inspection 
and copying by the Assistant Secretary and any affected employee. 

(b) The employer ^naU designate one or more competent persons (as defined 
in 29 CFR 1926.32(f) to implement the program. / 

(c) Each cord set, attachment cap, plug and receptacle of cord sets, and 

any equipment connected by cord and plug, except cord sets and receptacles 
which are fixed and not exposed to damage, shall be visually inspected 
before each day's use for external defects, such as deformed or missing 
pins or insulation damage, and for indication of possible internal damage. 
Equipment found damaged or defective may not be used until repaired. 

(d) The following tests shall be performed on all cord sets, receptacles which 
^ are not a part of the permanent wiring of the building or structure, and 

cord- and plug-connected equipment required to be grounded; 
(_l) All equipment grounding conductors shall be tested for continuity 

and shall be electrically continuous. 
(2) Each receptacle and attachment cap or plug shall be tested for 

correct attachment of the equipment grounding conductor. The 

equipment grounding conductor shall be connected to its proper 

terminal. ■ 

(e) Ail required tests shall be performed; 

(1) Before first use; 

(2) Before equipment is returned to service following any repairs. 
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(3) Before equipment is used after any incident which^can be-reason-- 
ably suspected to have caused damage (for example, when a cord 
set is run over); and * 

(4) At intervals not to exceed 3 months, except that cord sets and 
" receptacles which are fixed and not exposed to damage shall be 

tested at intervals not exceeding 6 months, 

(f) The employer may not make available or permit the use by employ- 
" ees of any equipment which has not met the requirements of this 

paragraph (b)(DCii) of this section. 

(g) Tests performed as required in this paragraph shall be recorded. 
This test record shall identify each receptacle, cord set, and eord- 
and plug-<;onnected equipment that passed the test, and shall indicate 
the last date it was tested or the interval for which it was tested. 
This record shall be kept tyy means of logs, color codintg, or other 
effective means, and shall be maintained until replaced by a more 
current record. The record shall be made available on the jobsite 
for inspection by the Assistant Secretary and any affected employee^ 

(2) Outlet devices . Outlet devices shall have an ampere rating not less than the load 
to be served. 

•(c) Outside conductors, 600 volU, nominal^ or less . Paragraphs (c)(l)r (c)(2), (c)(3), and 
(c)U) of this section apply to branch circuit, feeder, and service conductors rated 
600 volts, nominal, or less and run outdoors as open conductors. Paragraph (c)(5) 
applies to lamps installed under such conductors. 



• OPEN CONDUCTORS ARE WIRES THAT ARE RUN AS SEPARATE CONDUCTORS |N 
CONTRAST TO WIRES RUN THROUGH CONDUIT, CABLES, OR RACEWAYS. THEY CAN BE 
EfTHER INSULATED, COVERED, OR BARE BUT WHEN RUN OUTDOORS THEY ARE 
USUALLY COVERED TO PROTECT AGAINST WEATHER OR PHYSICAL DAMAGE. OPEN 
CONDUCTORS MUST BE INSTALLED ON INSULATORS; FIGURE 15 SHOWS^AN INSTAL- 
LATION ON A BUILDING WHERE INSULATORS ARE USED TO MAINTAIN SEI^RATION . 
FROM THE SURFACE OF THE BUILDING AND BETWEEN OPEN CONDUCTORS. 

THE FOLLOWING FOUR PARAGRAPHS, {c)(l) CONDUCTOR? ON POLES, (c)(2) 
CLEARANCE FROM GROUND, (c)(3) CLEARANCE FROM BUILDING OPENINGS, AND (c)(4) 
CLEARANCE OVER ROOFS, COVER SAFETY REQUIREMENTS REGARDING LOW VOLT- 
AGE CIRCUITS RUN OUTDOORS AS OPEN CONDUCTORS. 
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Insulators 




FIGURE 15. OPEN CONDUCTORS INSTALLED ON INSULATORS 
ON THE SURFACE OF A BUILDING 



• (l) Conduetors on poles . Conductors supported on poles shall provide a horizontal 
climbing space not less than^the following; 

(i) Power conductors below communication conductors-*30 inches. 

(ii) Power conductors alone or above communication conductors; 300, volts 
or less— 24 inches; more than 300 volts— 30 inches. 

(iii) Communication conductors below power conductors; with power conductors 
300 volts or iess-*24 inches; more than 30C volts— 30 inches. 



• CONDUCTORS ON^UTILITY POLES PRESENT A SERIOUS ELECTRICAL SHOCK 
HAZARD TO WORKERS WHp^RE REQUIRED TO CLIMB THESE POLES. THESE CONDUCT- ' 
ORSMUST Bt: INSTALLED TO ALLOW A WORKER ENOUGH ROOM TO SAFELY CLIMB 
BETWEEN THEM WITHOUT MAKING ACCIDENTAL CONIEACT WITH THE CONDUCTOR 
(SEE FIGURE 16). THE m'inIMUM SAFE SPACE THAT IS ALLOWED VARIES WITH THE 
TYPE CONDUCTOR, TH? ARRANGEMENT OF CONDUCTORS, AND THE VOLTAGE IN- 
VOLVED. TABLE 1 SHOWS THE SAFE CLIMBING SPACES BETWEEN CONDUCTORS AS 
DESCRIBED IN THE REGULATION. 
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TABLE 1 
SAFE CLIMBING SPACES 
BETWEEN LOW VOLTAGE CONDUCTORS 
(600 VOLTS OR LESS) 



ARRANGEMENT 



MINfMUM SAFE CLIMBING SPACE 
MEASURED HORIZONTALLY 



POWER CONDUCTORS BELOW 
COMMUNICATION CONDUCTORS: 
600 VOLTS OR LESS 



BETWEEN POWER 
CONDUCTORS 



30 INCHES 



BETWEEN COMMUNICATION 
CONDUCTORS 



NO REQUIREMENT 



POWER CONDUCTORS ALONE; 
300 VOLTS OR LESS 
301-600 VOLTS 



24 INCHES 
30 INCHES 



N/A 
N/A 



POWER CONDUCTOR ABOVE 
'.OMMUNICATION CONDUCTORS; 
300 VOLTS OR LESS 
301-600 VOLTS 



24 INCHES 
30 INCHES 



24 INCHES 
30 INCHES 



Power Conducton Operating at 300 Volti or Leu Ttiet 
Are Mounted Above Comnmnlcation Conductort Must 
Alio Have a Ctimblng Space of at Least 24 Inches. 




Climbing Spaus 24 Inches Minimum 
tf Power Conductors (Located Above) Are Rated @ 300 Volts 
or Less 



^Arm Carrying Communication Wires 
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FIGURE 16. SAFE CLIMBING SPACES FOR POW^S CONDUCTORS 
LOCATED OVER COMMUNICATION CONDUCTORS 
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(2) Clearance from ground . Open conductors shall conform to the following minimum 
clearances: 

(i) 10 feet— above finished grade, sidewalks, or from any platform or projection 
from which they might be reached. 

(ii) 12 feet— over .areas subject to vehicular traffic other than truck traffic, 
(in) 15 feet— over areas other than those specified in paragraph (c)(2Kiv) of this 

section that are subject to truck traffic; 
(iv) 18 feet— over public streets, alleys, roads, and driveways. 

(3) Clearance from buildir^i openings . Conductors shall have a clearance of at least 

3 feet from windows, doors, porches, fife escapes, or similar locations. Conductors 
run above the top level of a window dre considered to be out of reach from that 
window and, thei-efore, do not have to be 3 feet away. 
• (4) Clearance over roofs . Conductors ^all have a clearance of not less than 8 feet 
from the highest point of roofs over which they pass, except that 



• OUTSIDE BRANCH CIRCUIT, FEEDER, AND SE RVtCE CONDUCTORS WHICH PASS 
OVER ROOFS, MUST BE AT LEAST 8 FEET ABOVE THE HIGHEST POINT OF THE ROOF 
(SEE FIGURE 17). 




FIGURE 17. 8 FEET OKmORE ABOVE A FLAT ROOF 



• (i) Where the voltage between conductors is 300 volts or less and the roof has 
a slope of not less than 4 inches in 12, the clearance from roofs shall be 
at least 3 feet, or 



. • IF THE VOLTAGE BETWEEN CONDUCTORS !S 300 VOLTS OR LESS AND IF THE 
INCLINE OF THE ROOF IS AT LEAST 4 VERTICAL INCHES FOR EVERY 12 HORIZONTAL 
INCHES. THESE OUTSIDE CONDUCTORS CAN COME NO CLOSER THAN 3 FEET OF THE 



19l6.304{c»4)in) 



HIGHEST POINT OF THE ROOF (SEE FIGURE 18). EMPLOYEES ARE NOT LIKELY TO 
WALK ON ROOFS WHERE THE PITCH IS 4 INCHES IN 12 OR GREATER. 



4" 




FIGURE 18, MINIMUM DISTANCE OF 3 FEET FROM SLOPING 
ROOF TO OVE RHEAD Wl RES 



(ii) Where the voltage between conductors is 300 volts or less and the conductors 
do not pass over more than 4 feet of the overhang portion of the roof and 
they are terminated at a through-^the-roof raceway or approved support^ 
the clearance from roofs shall be at least 18 inches. 



♦ FIGURE 19 SHOWS ACCEPTABLE INSTALLATION FOR SLOPING AND FLAT BOO FS. 
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FIGURE 19. MINIMUM CLEARANCE FROM ROOF 
TO WIRES OVER ROOF OVERHANG 
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Conductors, 300 Voitt or less 




FIGURE 19. MINIMUM CLcARANCE FROM ROOF 
TO WIRES OVER ROOF OVERHANG (CONTINUED) 



(5) Loeation of outdoor lamps . Lamps for outdoor lighting shal'. be located below 
all live conductors, transformers, or other electric equipment, unless such eqi(ip- 
ment is controlled by a disconnecting means that can be locked in the open position 
or unless adequat.- clearances or other safeguards are provided for relampir^ 
operations, 
(d) Services. 

U) Disconnecting means. 
• "HT General . Means shall be provided to disconnect all conductors in a building 
or other structure ffom the service-entrance conductors. The disconnecting 
means shall plainly indicate whether it is in the open or closed position and 
shall be Installed at a readily accessible location nearest the point of entrance 
of the service-entrance conductors. 



• A READILY ACCESSIBLE MEANS OF DISCONNECTING CONDUCTORS fS REQUIRED 
TO BE LOCATED AT A POINT NEAR THE SERVICE ENTRANCE. THE SERVICE ENTRANCE 
IS THE LOCATION WHERE THE SERVING CONDUCTORS ENTER A BUfLD- 
ING. THE DISCONNECTING MEANS CAN BE A SWITCH OR CIRCUIT BREAKER, AND MUST 
BE CAPABLE OF INTERRUPTING THE CIRCUIT FROM THE SOURCE OF SUPPLY. 
THIS WILL DISCONNECT THE ELECTRICAL EQUIPMENT WITHIN THE BUILDING FROM 
ITS SOL'RCE OF SUPPLY IN THE EVENT OF AN EMERGENCY OR DURING NORMAL 
SERVICING OPERATIONS. 

THREE ACCEPTABLEARRANQKMENTS PERMITTED BY THE NATIONAL ELECTRICAL 
CODE FOR SERVIQE-ENTRANCE DISCONNECTS ARE SHOWN IN FIGURE 20. THE FIRST 
IS A SINGLE DISCONNECT THAT OPENS ALL UNDERGROuNDED CONDUCTORS OF A 

Q 23 

ERIC . ^ dd 



1dT0.304(dH1Hi) 



Supply 



ON 



OFF 




3 Branch 
2 Circuits 



Panel board 



Single disconnect switch must open at} 
ungrounded conductors sTmultaneously. 



n 



Supply 



\l21 CCS 
{£21 CCS 
{£21 ecu 



\ 
/ 



Up to 3lx swftches or circuit breakers thet eneble disconnecting whh no 

more than six movementa of the hand are permhtad. See National Electrical Code Sootfon 

3&4'16(a}fbr lighting and eppllanco penelboards. 



Supply * 1 

I t 1 



Branch 
Circuits 



r9 



s: 



t t t t 

r<l PQ r<l 



I — (• I — I- I — I- I — I' I — I- 



Up to tlx ditconn'gctt insy be grouped in ono locatfon near the po.nt where 
the service enters the building. 



FIGURE 20. THREE ACCEPTABLE ARRANGEMENTS FOR SERVICE- 
ENTRANCE DISCONNECTING MEANS 
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FEEDER SIMULTANEOUSLY, THE SECOND IS A CIRCUIT BREAKER PANEL WITH UP TO 
SIX CIRCUIT BREAKERSTHATWILL DISCONNECT ALL UNGROUNDED CONDUCTORS TO 
A BUI LDING WITH NO MORE THAN SIX MOVEMENTS OF THE HAND. THE THIRD IS A 
G ROUP OF UP TO SIX INDIVIDUAL SWITCHES LOCATED NEAR WHERE THE SERVICE 
ENTERS THE BUILDIMG TO DISCONNECT ALL UNGROUNDED CONDUCTORS THAT 
SUPPLY A BUILDING. WHEN MORE THAN ONE SWITCH OR CIRCUIT BREAKER IS USED, 
EACH MUST SHOW WHETHER IT IS IN THE ON OR OFF POSITION AND MUST SIMUL- 
TANEOUSLY OPEN ALL UNGROUNDED CONDUCTORS OF THE CIRCUIT IT IS INTENDED 
TO OPEN. ^ 



t (ii) Simultaneous opening of poles . Each service disconnecting means shall 

simultaneously disconnect all ungrounded conductors. 
(2) Services over 600 volts, nominal . The following additional requirements apply 
to services over 600 volts, nominal. 

(i) Guarding . Service-entrance conductors installed as open wires shall be 
guarded to make them accessible only to qualified persons. 

(ii) Warning signs . Signs warning of high voltage shall be posted where 
other than qualified employees might come in cont&ot with live parts. 

(e) Overcurrent protection. 

U) 600 Volts, nominafTorless . The following requirements apply to overcurrent 
protection of circuits rated 600 volts, nominal, or less. 

(i) Protection of conductors and ecjuipment. Conductors and equipment shall 
be protected from overcurrent in accor<3ance with their ability to safely 
conduct current. 
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• ELECTRICAL CURRENT (S THE FLOW OF ELECTRONS THROUGH A CONDUCTOR. 
THE SIZE OF THE WIRE IS THE MAIN DETERMINING FACTOR AS TO HOW MUCH CUR- 
RENT CAN SAFELY FLOW THROUGH A CONDUCTOR. THE LARGER THE WIRE, THE 
MORE CURRENT CAN FLOW SAFELY. IF TOO MUCH CURRENT FLOWS THROUGH A CON- 
DUCTOR, EXCESg HEAT IS PRODUCED. IF THE CIRCUIT IS NOT PROTECTED THE HEAT 
MAY CONTINUE TO BUILD AND REACH A TEMPERATURE HIGH ENOUGH TO DESTROY 
INSULATION AND CAUSE A FIRE. 

CONDUCTORS AND EQUIPMENT ARE REQUIRED TO BE PROTECTED FROM OVER- 
CURRENT CONDITIONS ACCORDING TO THEIR ABILITY TO SAFELY CONDUCT 
ELECTRIC CURRENT. CIRCUIT BREAKERS AND FUSES ARE PROTECTIVE DEVICES 
DESIGNED TO DISCONNECT A CIRCUIT FROM ITS SOURCE OF SUPPLY WHEN A MAXI- 
MUM ALLOWABLE HEAT LEVEL IS REACHED. IN ADDITION, OVERCURRENT DEVICES 
MUST HAVE ADEQUATE INTERRUPTING RATINGS TO PREVENT HAZARDS TO EMPLOYEES 
DUE TO SHORT CIRCUIT CURRENTS. A FUSE FUNCTIONS TO DISCONNECT A CIRCUIT 
WHEN AN ELEMENT INSIDE THE FUSE BODY, A METAL RIBBON OR UNK, MELTS FROM 
THE HEAT PRODUCED WHEN TOO MUCH CURRENT PASSES THROUGH IT. WHEN THIS 
RIBBON MELTS THE CURRENT FLOW THROUGH THE CIRCUIT IS STOPPED (SEE FIGURE 21). 
A CIRCUIT BREAKER FUNCTIONS TO DISCONNECT A CIRCUIT WHEN 
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Metal Ribbon designed to melt 
when excesiive current flow* 




Current Path 



CARTRIDGE 
FUSE 



■ 


-1 Current Path 




^u^eble Link Designed to Melt and 


Open 



the Circuit When Too Much Current Flows. 
FIGURE 21. COMMON TYPES OF FUSES 

Ik 

EXCESSIVE CURRENT FLOWS. SOME BREAKERS SENSE OVERCURRENT BY 
MEANS OF A BI-METAL STRIP. WHEN EXCESSIVE CURRENT IS SENSED, THE BI-METAL STRIP 
MOVES AND RELEASES A SPRING-LOADED SWITCH THAT OPENS THE CIRCUIT, THUS 
STOPPING THE CURRENT FLOW. (SEE FIGURE 22). OTHER TYPES OF CIRCUIT BREAKERS 
USE DIFFERENT MEANS OF SENSING OVERCURRENT. 

EITHER OF THESE METHODS OF CIRCUIT PROTECTION ARE ACCEPTABLE. CIRCUIT 
BREAKERS CAN BE RESET WHEN THE HANDLE IS MOVED FROM THE "TRIP" POSITION 
TO THE "OFF" POSITION AND THEN MOVED TO THE "ON" POSITION TO RESTORE CUR- 
RENT TO THE CIRCUIT. BY CONTRAST, FUSES MUST BE REPLACED, THUS REQUIRING 
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SpTing Loaded 
Switch Opens 
Circuit Wftieo 
Overcurrsnt 




0 

FIGURE 22. CUTAWAY VIEW OF A CIRCUIT BREAKER 

A SUPPLY OF REPLACEMENT FUSES TO BE ON HAND. IN CASES OF HIGH VOLTAGE 
(OVE R 600 VOLTS), REPLACEMENT OF A FUSE MUST BE DONE ONLY BY QUALI FiED 
PE RSONS. 

THE NATIONAL ELECTRICAL CODE SPECtFIESTHE ALLOWABLE CURRENT FLOW 
PERMITTED IN CERTAIN-SIZED CONDUCTORS. AMPACITY IS THE TERM USED TO 
DESCRIBE THE CURRENT-CARRYING CAPACITY OF A CONDUCTOR. THE SIZE OF THE 
CIRCUIT BREAKER OR FUSE REQUIRED TO PROVIDE PROTECTION IS DETERMINED BY 

HE AMPACITY OF THE CONDUCTOR IN THE CIRCUIT TO BE PROTECTED AND THE 
TYPE OF LOAD THAT IS ON THE CIRCUIT. 



(iO Grounded conduGtors . Except for motor running overload protection, over- 
current devices may not interrupt the continuity of the grounded conducted 
unless aU conductcffs of the circuit are opened simultaneously. 
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• (iii) Disconnection of fuses and thermal cutouts . Except for service fuses, all 
cartridge fuses which are accessible to other than qualified persons and 
all fuses and thermal cutouts on circuits over 150 volts to ground shall be 
provided with disconnecting means. This disconnecting means shall be in- 
stalled so that the fuse or thermal cutout can be disconnected from its 
supply without disrupting service to equipment and circuits unrelated to 
those protected by the overcurrent device. 



, • ALL CARTRIDGE-TYPE CIRCUIT FUSES THAT ARE ACCESSIBLE TO UNQUALIFIED 
EMPLOYEES MUST BE EQUIPPED WITH A DISCONNECTING MEANS TO ALLOW THE FUSE 
TO BE SERVICED SAFELY. (N ADDITION, WHERE CARTRIDGE-TYPE FUSES ARE 
LOCATED IN SYSTEMS THAT OPERATE OVER 150 VOLTS TO GROUND, A DISCON- 
NECTING MEANS IS ALWAYS REQUIRED REGARDLESS OF THE QUALIFICATIONS OF 
THE PERSONS HAVING ACCESS TO THE FUSES. THE DISCONNECT SWITCHES MUST BE 
INST^ttrED-SOTHATONCYTHrcrRCUITS THAT ARE PROTECTED BY OR OTHERWISE 
RELATED TO THE OVERCURRENT DEVICE Wl LL BE SHUT OFF. IN THIS WAY POWER TO 
OTHER CIRCUITS AND EQUIPMENT IN A SYSTEM WILL NOT BE UNNECESSARILY DIS- 
RUPTED WHEN ONE OVERCURRENT DEVICE IN THE SYSTEM MUST BE SERVICED OR 
REPLACED (SEE FIGURE 23). THESE PROVISIONS DO NOT APPLY TO SERVICE FUSES. 



Service Conductor 

T 



Feeder 
Conductor < 



Fuses 



Disconnects 



Q0Q 



Branch Circuits 



IF PROCESS MOTOR NO. 3 DEVELOPED AN OVERCURRENT CONDITION AND BLEW A FUSE, 
THEN DISCONNECT NO. 3 WOULD BE THE ONLY SWITCH ACTUATED TO SERVICE THE FUSE 

FIGURE 23. DISCONNECTS FOR OVERCURRENT DEVICES. 
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(iv) Location in or on premises ; Overcturrent devices shiall fae readily accessible 
to each employee or authorized buildii^ management personnel. These 
overcurrent devices may not be located where they will be exposed to [*ys- 
ical damage nor in the vicinity of easily ^nitible materiaU ^ 

(v) Arcing or suddenly moving parts . Fuses and circuit breakers shall be so 
located or shielded that employees will not be burned or otherwise injured 
by their operation. . ■ 

(vi) Circuit breakers . 

(a) Circuit breakers diall clearly indicate whether they are in the open 
(off) or closed (on) position. 

(b) Where circuit breaker handles ori switchboards are operated vertically 
rather than horizontally or rotationally, the up position of the handle 
shall be the, closed (on) position. (See §1910.302(b)(3).) 

(e) If used as switches in 120-volt, ^fluorescent lighting circuits, circuit 
breakers diall be approved for the purpose and marked "SWD." 
(See~S19l0.302(b)(3).). , ' 
(2) Over 600 volts, nominal . Feeders and brandi circuits over 600 volts, nominal, 
shall have short-circuit protection. 

•lflGrQundm£.^^.^EftK^^ 

ments for systems, circuits, and equipment. 



• GROUNDING ELECTRICAL CIRCUITS AND ELECTRICAL EQUIPMENT IS REQUIRED 
TO PROTECT EMPLOYEES AGAINST ELECTRICAL SHOCK, SAFEGUARD AGAINST FIRE, 
AND PROTECT AGAINST DAMAGE TO ELECTRICAL EQUIPMENT. THERE ARE TWO 
KINDS OF GROUNDING. FIRST, ELECTRICAL CIRCUIT OR SYSTEM GROUNDING, AND 
SECOND, ELECTRICAL EQUIPMENT GROUNDING. ELECTRICAL SYSTEM GROUNDING IS 
ACCOMPLISHED WHEN ONE CONDUCTOR OF THE CIRCUIT IS INTENTIONALLY CON- 
NECTED TO EARTH. THIS IS DONE TO PROTECT THE CIRCUIT SHOULD LIGHTNING 
STRIKE OR OTHER HIGH VOLTAGE CONTACT OCCUR. GROUNDING A SYSTEM ALSO 
' STABILIZES THE VOLTAGE IN T^E SYSTEM SO "EXPECTED VOLTAGE LEVELS" ARE NOT 
EXCEEDED UNDER NORMAL CONDITIONS. THE SECOND KIND OF GROUND IS EQUIP- 
MENT GROUNDING. THIS IS ACCOMPLISHED WHEN ALL WETAL FRAMES OF EQUIPMENT 
AND ENCLOSURES CONTAINING ELECTRICAL EQUIPMENT OR CONDUCTORS ARE 
GROUNDED BY MEANS OF A PERMANENT AND CONTINUOUS CONNECTION OR BOND. 
THE EQUIPMENT GROUNDING CONDUCTOR PROVIDES A PATH FOR DANGEROUS 
FAULT CURRENT TO RETURN TO THE SYSTEM GROUHD AT THE SUPPLY SOURCE OF 
THE CIRCUIT SHOULD AN INSULATION FAILURE TAKE PLACE. IF INSTALLED PROP- 
ERLY, THE EQUIPMENT GROUNDING CONDUCTOR IS THE CURRENT PATH THAT 
ENABLES PROTECTIVE DEVICES, SUCH AS CIRCUIT BREAKERS AND FUSES, TO OPER- 
ATE WHEN A FAULT OCCURS. FIGURE 24 ILLUSTRATES BOTH TYPES OF GROUNDING. 
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Most Metallic Raceways, Cable Sheaths, and Cable 
Armor Which Are Conttnuoui and Utilize ProPer 
Pittings May Serv9i«rthrEquipirtijift"Groli]i'nanrfl 
Conductor A Separate Grounding Conductor Is 
Needed When PlastiQ Conduit, Non^morAllic 
Sheathed Cable, or Other Wiring Methods Are 
Used Which Are Not Approved as Grounding 
Methods. 



Electrfol SVmbol 
For Ground 



FIGURE 24. SYSTEM AND 
EQUIPMENT GROUNDING 



(I) Systems to be grounded . Ttie following systems which supply premises wiring shall 
be grounded: 

• (i) All 3-wire DC systems shall have their neutral conductor grounded. 



• A 3-WIRE DC SYSTEM IS GENERALLY USED IN HEAVY INDUSTRIAL APPLICATIONS 
TO PROVIDE FOR SMOOTH STARTING OF MOTORS AND SPEED CONTROL THREE-WIRE 
DC MOTORS ARE COMMONLY USED TO OPERATE LARGE MILLS AND EXTRUSION 
MACHINES. WITH A 3-WIRE CIRCUIT, THEY CAN RUN AT HALF SPEED OR AT FULL 
SPEED, DEPENDING ON THE VOLTAGE bELECTED. A 250 VOLT DC 3-WiRE SYSTEM, FOR 
EXAMPLE, CAN SUPPLY BOTH 125 VOLTS DC AND 250 VOLTS DC TO A MOTOR. FIGURE 
25 ILLUSTRATES A SCHEMATIC DIAGRAM OF A 3-WIRE DC SYSTEM THAT RUNS THREE 
MOTORS, TWO SINGLE SPEED MOTORS (ONE AT 125 VOLTS DC, THE OTHER AT 250 
VOLTS DC) AND A MOTOR WITH TWO SPEED RANGES (A LOW SPEED AT 125 VOLTS DC, 
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ANO HIGH SPEED AT 250 VOLTS,DC)>THEJMEUTRAU£ONDUCT.Ofi,IS.XHECONDUCTOR 
WHICH REQUIRES A GROUND CONNECTION TO EARTH. THIS CONNECTION MUST BE 
MADE AT A POINT NEAR THE DC SOURCE OF SUPPLY. 



DC 6iA»r«tor vvHK 
Ctnt«f WiAdli>gTap 




125V 



Nftutrd Conductor Groundftd 
«t thft Sourctt of Supply 



125V 



250V 




Small 125 Volt 
DC Motor 




Urge 250 Volt 
DC Motor 




125 Volt 
DC Motor 



FIGURE 25* 250-VOLT THREE Wl RE-OC SYSTEM. THE 
NEUTRAL CONDUCTOR l,S GROUNDED AT THE SOURCE 



• (ii) Two-wire 0C systems operating at over 50 volts through 300 volts between 
conductors shall be grounded unless: 

(a) They supply only industrial equipment in limited areas and 
ar^ equipped with a ground detector; or 

(b) They are rectifier-derived from an AC system complying with 
paragraphs (f)a)(iii), (f)(l)(iv), and (f)a)(vJ of this section; or 

(c) They are fire-protective signaling circuits having a maximum current 
of 0.030 amperes. 
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• DC SYSTEMS THAT OPERATE BETWEEN 50 VOLTS AND 300 VDLTS AND 

SERVICE PREMISES MUST BE GROUNDED. COMMON 2-WIRE DC SYSTEMS INCLUDE BAT- 
TERY CHARGING, ELECTRDPLATING, AND SDME CRANE DPEHIATIDNS. GRDUNDtNG IS 
ACCDMPLISHED SV MAKING AN ELECTRICAL CONNECTION TO GRDUND AT THE 



THERE ARE THREE EXCHPTIONSTD THIS REQUIREMENT. FIRST, IF A DC SYSTEM 
POWERS ONLY INDUSTRIAL EQUIPMENT IN A LIMITED AREA ANO IS EQUIPPED WITH 
A SENSOR TO DETECT ANY CURRENT LEAKS TO GRDUND, THEN ND GRDUNDING IS 
REQUIRED. iN SUCH CASES A GROUND FAULT, RESULTING FRDM AN INSULATIDN 
t FAILURE, CAN BE EASILY DETECTED, LOCATED, AND CORRECTED BEFDRE SOMEONE 
IS INJURED. SECOND, IF A DC SYSTEM IS DERIVED FROM A RECTIFIER, THAT IS AN AC 
TO DC CONVERTER, AND THE AC SYSTEM CDMPLIES WITH PARAGRAPHS (f){1 )(iii), 

"^(mi)nr^w(f)Tfnv);^¥O'07^^ system. 

RECTIFIERS ALSO SERVICE LIMITED AREAS; WHEN THE AC SYSTEM WHICH 
SUPPLIES THE RECTIFIER IS PRDPERLY GROUNDED, A GROUND FAULT CAN BE 
EASI LY LOCATED AND CORRECTED. THESE SYSTEMS MUST BE PROPERLY MAIN- 
TAINED TO ASSURE THAT GROUND FAULTS DO NOT DCCUR. THIRD, FIRE PROTEC- 
TIVE SIGNALING CIRCUITS THAT DPERATE UNDER 30 MILLIAMPS DD NOT REQUIRE 
GRDUNDING BECAUSE DF THE LOW CURRENT FLOW. XHIS LOW CURRENT FLOW 
MEANS THAT ND SERIDUS SHDCK HA2ARD EXISTS. FIGURE 26 ILLUSTRATES A DC 
PDWERED ELECTRDPLATING OPERATIDN WITH THE GRDUNDING CDNNECTION AT THE 
SDURCE. 



SOURCE AS SHDWN IN FIGURE 26. 





(+} (-( 



Cathode 



Electrolvsts 
Tank 



Grounding Connection 
at the Source 



FIGURE 26. GROUNDED 2-Vl'IRE DC SYSTEM SUPPLYING 
AN ELECTROPLATING DPERATION 
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(iii) AC circuits of less'than 50 volts *all be grounded if they are installed as 
overhead conductors outside of buildings or if they are supplied by trans- 
formers and the transformer primary supply system is ungrounded or exceeds 
150 volts to ground. 



;ric 



• ONLY UNDER CERTAIN CONDITIONS ARE LOW VOLTAGE AC SYSTEMS REQUIRED 
TO BE GROUNDED. THESE ARE CONDITIONS WHERE THERE IS A LIKELIHOOD OF 
FOREIGN HIGHER VOLTAGE - SUCH AS LIGHTNING OR HIGHER PRIMARY VOLTAGES 
BEING CONDUCTED ACROSS DAMAGED TRANSFORMER WINDINGS CREATING A SERI- 
OUS SHOCK HAZARD TO SOMEONE WORKING WITH THE LOW VOLTAGE SYSTEM. IN 
EACH CASE, GROUNDING IS REQUIRED AT THE SECONDARY SIDE OF THE LOW 
VOLTAGE TRANSFORMER. , 

THE FIRST CONDITION REQUIRES GROUNDING WHEN THE CONDUCTORS ARE RUN 
AS-0VERHEADCONDUCTORS.OUTDOORS.JN.TiJlSJCASE.XHE LOW VQLTAGE SYSTEM. 
MUST BE PROTECTED AGAINST HIGH VOLTAGE SURGES RESULTING FROM LIGHTNING 
STRIKES AND AGAINST CONTACT WITH HIGH VOLTAGE OVERHEAD LINES. THE SEC- 
OND CONDITION REQUIRES GROUNDING WHcN LOW VOLTAGE SYSTEMS ARE SUP- 
PLIED BY TRANSFORMERS THAT ARE SUPPLIED BY AN UNGROUNDED PRIMARY 
SYSTEM OF,ANY VOLTAGE OR WHEN THE PRIMARY VOLTAGS TO GROUND EXCEEDS 
150 VOLTS. FIGURE 27 ILLUSTRATES EXAMPLES OF CIRCUITS OPERATING AT LESS 
THAN 50 VOLTS THAT ARE REQUIRED TO BE GROUNDED BY THE SECOND CONDITION. 
'grounding OF THE LOW VOLTAGE SYSTEM ON THE SECONDARY SIDE OF THE 
TRANSFORMER WILL PREVENT ENERGIZING OF THE SECONDARY CIRCUIT WITH 
THE HIGHER PRIMARY VOLTAGES SHOULD THE TRANSFORMER WINDINGS BE 
DAMAGED, 

Trantformar 



Primary 




Secondary 










Any 
Voltage 








— ^ — 






1 Secondary CUcuit 
" J_. Must be Grounded 



Ungrounded Primary 
Supply Circuit 

Primary Circuit Ungrounded ^ 

FIGURE 27. AC CIRCUITS UNDER 50 VOLTS REGUtRING GROUNDING 
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Transformer 



Primary 



More 
Than 
150 Volts 



T 



Pvimtry Supply Circuit 
OPOfatJni at More Tha n 
1^' VoltstoGnMind 



Secondary 



50 Volts or Le^ 



1^ Second^ 
Must be 



Secondary Circuit 
Grounded 



Primary Circuit More Than 
150 Volts ^Ground 



FIGURE 27. AC CIRCUITS UNDER 50 VOLTS REQUIRING GROUNDING (CONTINUEp) 



(iv) AC systems of 50 volts to 1000 volts shall be grounded under any of 
the following conditions} unless exempted by paragraph (f)(i)(v) of this 
section: 

(a) If the system can be so grounded that the maximum voltage 

to grofind on «he ungrounded conductors does not exceed 150 volts; 

(b) If tJie system is nominally rated 480Y/277 volt, 3-phase, 4wire in 
which the neutral is used as a circuit conductor; 

(c) If the system is nominally rated 240/120 volt, 3-phase, 4*-wire in which 
the midpoint of one phase is used as a circuit conductor; or 

(d) If a service conductor is uninsulated. 



ERLC 



• THE MOST COMMON AC SYSTEMS IN USE IN INDUSTRY INCLUDE SEVER.^U SINGLE 
AND THREE-PHASE: SYSTEMS. GROUNDING OF THESE SYSTEMS IS REQUIRED TO 
PROVIDE FOR THE PROMPT OPERATION OF OVER-CURRENT DEVICES, TO ALLOW FOR 
THE QUICK ISOLATION OF FAULTS, TO PROVIDE FOR POSITIVE LIGHTNING PRO- 
TECTION, AND TO AFFORD PROTECTION FOR THE EQUIPMENT AND FOR PERSONNEL. 
TABLE 2 SUMMARIZES THE REQUIREMENTS FOR THE FOLLOWING SYSTEMS: 
(1) 240/120 VOLT SINGLE PHASE 3-WI RE SYS^^EMS USED MOST OFTEN FOR 
GENERAL LIGHT AND POWER CIRCUITS; 

' (2) 208Y/120VDLT, 3-PHASE,4-WIRE SYSTEM USED TO POWER INDUSTRIAL EQUIP- 
MENT, LIGHTING, AND RECEPTACLES. 

(3) 480Y/277 VOLT, 3-PhASE, 4-WIRE SYSTEM WHICH IS USED IN HEAVY DUTY 



INDUSTRIAL AND OTHER APPLICATIONS; AND 
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TABLE 2 AC SYSTEMS 50 TO 1,000 VOLTS REQUIRING GROUNDING 
SYSTEM SCHEMATIC DESCRIPTION COMMON USES 



SINGLE PHASE 
TRANSORMER 



VOLTAGE BETWEEN UNGROUNDED 
CONDUCTORS IS 240 VOLTS VOLT- 
AGE TO GROUND IS 120 VOLTS 



GENERAL LIGHT AND 
POWER SYSTEMS. 
MEETS CONDITION (a) 







;i20V ' 


' 240V 


h 




;i2ov , 





-Grounded Conductor 



\ 



"TT* Ground 



1} 120/240 VOLT, SINGLE PHASE 3 WIRE SYSTEM 



WYE(Y) CONNECTED 
TRANSFORMER 



VOLTAGE BETWEEN UNGROUNDED 
CONDUCTORS IS 208 VOLTS; VOLT- 
AGE TO GROUND IS 120 VOLTS 




GENERAL LIGHTING, 
RECEPTACLES, SMALL 
MACHINES. MEETS 
CONDITION (a) 



2) 20fcY/120 VOLT, THREE PHASE, 4 WIRE SYSTEM 



WYE(Y) CONNECTED 
TRANSFORMER 




VOLTAGE BETWEEN UNGROUNDED 
CONDUCTORS IS 480 VOLTS; VOLT- 
AGE TO GROUND IS 277 VOLTS 



GENERAL LIGHTING 
AND HEAVY INDUS- 
TRIAL APPLICATIONS. 
MEETS CONDITION (b) 



480Y/277 VOLT, THREE PHASE, 4 WIRE SYSTEM 



DELTA (A) CON-\ 
NECTED TRANS- 
FORMER 




1!0V 



208 V 



VOLTAGE BETWEEN PHASE CON 
DUCTORS IS 240 VOLTS (A&B, BStC, 
AND A&C); VOLTAGE TO GROUND 
IS \ 20 VOLTS (BETWEEN A, B & 
GROUND) AND 208 VOLTS (BE- 
TWEEN PHASE CONDUCTOR C 
ANDGROUNDt 

^Grounded 
GontJuctDr 



OLDER Industrial 

APPLICATIONS SERV- 
ING MOSTLY 3-PHASE 
MOTORS. A CONDUC- 
TOR IS CONNECTED 
TO THE MID-POINT 
OF ONE PHASE 
WINDING TO OBTAIN 
120 VOLTS FOR GEN- 
ERAL USE. MEETS 
CONDITION (C) 



4) 240A/120 VOLT, 3 PHASE, <LWIRE SYSTEM 
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(4) 240/120 VOLT, 3-PHAbE,4-WIRE DELTA CONNECTED SYSTEM. 

,EACH OF THESE SYSTEMS MUST BE GROUNDED. THE 240/120 VOLT SYSTEM AND 
THE 20BY/120 VOLT SYSTEM ARE REQUIRED TO BE GROUNDED BECAUSE THGY ARE 
COVERED BY CONDITION (a). ITS VOLTAGE TO GROUND IS-LESS THAN 150 VOLTS. 
THE 408jY/277 VOLT SYSTEM IS REQUIRED TO BE GROUNDED BECAUSE IT IS SPECIF- 
ICALLY MENTIONED IN CONDITION (b). THE3-PHASE,4-WIRE DELTA CONNECTED 
SYSTEM IS NOT AS COMMON AS THE OTHER SYSTEMS DESCRIBED BUT GROUNDING IS 
REQUIRED AS MENTIONED IN CONDITION (ci. IN THIS SYSTEM THERE IS NO NEUTRAL 
CONDUCTOR AND THE CONDUCTOR THAT MUST BE GROUNDED IS THE CIRCUIT CON- 
DUCTOR CONNECTED AT THE MID-POINT OF ONE OF THE PHASE WINDINGS IN THE 
TRANSFORMER. 

IF THE SERVICE CONDUCTORS THAT PROVIDE POWER TO A BUILDING ARE LOCAT- 
ED OVERHEAD AND ARE UNINSULATED, THE SYSTEM MUST BE GROUNDED. IN THIS 
CASE, GROUNDING IS REQUIRED TO PROTECT FROM FOREIGN HIGHER VOLTAGE CON- 
DITIONS RESULTING FROM LIGHTNING OR ACCIDENTAL CONTACT WITH HIGHER 
VOLTAGEWIRES. 



• (v) AC systems of 50 volts to 1000 volts are not required to be 

grounded under any of the following conditions: 
. (a) If the system is used exclusively to supply industrial electric 
furnaces for melting, refining, tempering, and the like. 

(b) If the system is separately derived and is used exclusively 

for rectifiers supplying only adjustable speed industrial drives. 

(c) If the system is separately derived and is supplied by a transformer 
that has a primary voltage rating less than 1000 volts, provided all 
of the following conditions\are met: 

(l) The system is used exclukvely for control circuits, 

{|) The conditions of maintenance and supervision assure that only 

~ qualified persons will service the installation, 

(3) Continuity of control power is .required, and 

it) Ground detectors are installed on the control system. 

(d) if the system is an isolated power system that supplies circuits 
" in health care facilities. 



e UNDER CERTAIN CONDITIONS AC SYSTEMS THAT OPERATE BETWEEN 50 AND 1,000 
VOLTS DO NOT REQUIRE GROUNDING. GROUNDING IS NOT REQUIRED BECAUSE THEY 
SERVE LIMITED AREAS OR ARE EASILY MONITORED FOR GROUND FAULTS. THEY 
ARE CLCbELY SUPERVISED AND ARE REQUIRED TO BE PROPEF^LY MAINTAINED. 
SHOULD A GROUND FAULT OCCUR IT CAN BE DETECTED RIGHT AWAY AND 
CORRECTED BEFORE A SECOND GROUND FAULT OCCURS THAT MAY INJURE AN 
EMPLOYEE. 
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(2) Conduetors to be grounded . For AC premises wiring systems the identified con- 
ductor shall be grounded. 



• IN AC PREMISES WIRING. (I.E., USED IN SERVICING BUILDINGS, PLANTS, AND 
OFFICES), IT tS REQUIRED THAT THE IDENTIFIED CIRCUIT CONDUCTOR (NEUTRAL) 
BE THE CONDUCTOR THAT IS GROUNDED ON SYSTEMS THAT ARE REQUIRED TO BE 
GROUNDED. 



(3) Grounding connections . 
• To For a grounded system, a grounding electrode conductor shall be used 

to connect both the equipment grounding conductor and the grounded 
circuit conductor to the grounding electrode. Both the equipment 
grounding conductor and the grounding electrode conductor shall be 
connected to the grounded circuit conductor on the supply side of the 
service disconnacting means, or on the supply side of the systetri dis- 
connecting means or overcurrent devices if the system is separately 
derived. 



• THE ELECTRICAL CONNECTION TO GROUND FOR SYSTEMS THAT REQUIRE 
GROUNDING, AS DISCUSSED IN PARAGRAPH (f)(1), MUST BE MADE AT THE SOURCE OF 
ELECTRICAL SUPPLY. FOR SYSTEMS SUPPLYING BUILDINGS, OFFICES, PLANTS, AND 
OTHER PREMISES, THE SOURCE IS AT THE SERVICE ENTRANCE. THE CONNECTION TO 
GROUND MUST BE MADE AT THE SUPPLY SIDE OF THE SERVICE DISCONNECTING 
MEANS. THE NATIONAL ELECTRICAL CODE PERMITS THIS CONNECTION TO BE MADE 
INSIDE THE SERVICE ENTRANCE EQUIPMENT THAT CONTAINS THE SERVICE DISCON- 
NECTING MEANS, AS SHOWN IN FIGURE 28. TYPICALLY, A SYSTEM BONDING 
JUMPE:R(A) :S USED TO CONNECT THE GROUNDED CIRCUIT CONDUCTOR (B) 
(USUALLY THE NEUTRAL -THE WHITE WIRE) TO THE EQUIPMENT GROUNDING 
CONDUCTOR (C) (WHICH IS THE GREEN OR BARE WIRE AND CAN ALSO BE THE METAL 
EQUIPMENT ENCLOSURE). A GROUNDING ELECTRODE CONDUCTOR (D) IS USED TO 
MAKE THE CONNECTION TO THE GROUNDING ELECTRODE (E) WHICH MAY BE A 
METAL WATER PIPE, BUILDING STEEL, AND/OR E LECTRODE (GROUND ROD) DRIVEN 
INTO THE EARTH - DEPENDING WHEN THE BUILDING WAS CONSTRUCTED. 

SEPARATELY DE RIVED AC SYSTEMS ARE THOSE SUPPLIED BY AM ON-SITE 
GENERATOR, BATTERY-INVERTER, OR A TRANSFORMER ON THE PREMISES. IN THESE 
SITUATIONS, THE E LECTRICAL CONNECTION TO GROUND MUST BE MADE BOTH / T 
THE SOURCE AND AT THE SUPPLY SIDE OF THE SYSTEM DISCONNECTING MEANS. 
FIGURE 29 ILLUSTRATES A 120-208 VOLT, 3-PHASE, 4-WlRE SYSTEM DERIVED FROM 
AN tNPLANT 480 VOLT 3-PHASE FEEDER. NOTE THAT tN THIS CASE, THE GROUNDING 
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E. Grounding Electrode 
{can b« maial water Pipe, 
driven electrode, etc.) 



FIGURE 28. GROUNDING CONNECTIONS 

ELECTRODE IS BUILDING STEEL. THE GROUNDED CIRCUIT CONDUCTOR (A) IS 
CONNECTED TO GROUND BY MEANS OF A SYSTEM BONDING JUMPER (B) CONNECTED 
TO THE EQUIPMENT GROUNDING CONDUCTOR (C), WHICH IN THIS CASE IS THE METAL 
EQUIPMENT ENCLOSURE. THE GROUNDING ELECTRODE CONDUCTOR (D) iSTHEN 
CONNECTED TO BUILDING STEEL WHICH SE RVES AS THE GROUNDING ELECTRODE (E). 
THE NEUTRAL IS ALSO CONNECTED TO THE EQUIPMENT GROUNDING CONDUCTOR 
WITHIN THE SERVICE DISCONNECT. 
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Sorvice DiKonnect 




C. Mota} Equipment Enclosures 

Serve as Equipnnent Grounding Conductor. 



E. Grounding Electrode 



' B. System Bonding D. Grounding Electrode 
A. Grounded Jumpor* SIzad Coruluctor 

Circuit Conductor Por NEC 

Table 260^94 

FIGURE 29. GROUNDING CONNECTION FOR A SEPARATELY 
^PERIVED SYSTEM 



(ii) For an ungrounded service-supplied system, the equipment grounding con- 
ductor shall be connected to the grounding electrode conductor at the 
service equipment. For an ungrounded separately derived system, the 
equipment grounding conductor shall be connected to the grounding 
electrode conductor at, or ahead of, the system disconnecting means or 
overcurrent devices. 



• WHERE BUILDINGS, PLANTS, OFFICES AND OTHER PREMISES ARE SERVED 8Y AN 
UNGROUNDED SYSTEM THE CONNECTION rOR THE EQUIPMENT GROUNDING 
CONDUCTOR MUST BE MADE AT THE SOURCE OF E LECTRICAL SUPPLY. FIGURE 30 
ILLUSTRATES WHERE THIS CONNECTION IS MADE. IN THIS CASE, THE SERVICE 
EQUIPMENT !S AT THE SERVICE ENTRANCE FOR THE PREMISES, 

FOR UNGROUNDED SEPARATELY DERIVED SYSTEMS, LE„ SYSTEMS SUPPLIED BY 
A GENERATOR, A BATTERY-INVERTER OR AN ON-SITE TRANSFORMER, THE 
ELECTRICAL CONNECTION Tf oROUND MUST BE MADE AT THE SUPPLY SIDE OF THE 
SYSTEM DISCONNECT. FIGURE 31 ILLUSTRATESTHE GROUNDING CONNECTION MADE 
AHEAD OR UPSTREAM OF THE SYSTEM DISCONNECTING MEANS. 
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Supply ^ 



Svstem 
Disconnect 
Means 




Groundms Efectrode Conductor 



Conduit and 
Transformer Housing. 
Serve as Equipment 
Grouncfins Conductors 



Grounding Efectrode 



FIGURE 31, EQUIPMENT GROUNDING AHEAD OF SYSTEM 
DISCONNECT SWITCH FOR AN UNGROUNDED SYSTEM 



(iii) On extensions of existing branch circuits which do not have an equipment 
grounding conductor^ grounding-type receptacles may be grounded to a 
grounded cold water pipe near the equipment* 

(4) Grounding path . The path to ground from circuits, equipment, and enclosures 
shall be permanent and continuous. 

(5) Supports, enclosures^ and equipment to be grounded . 

(i) Supports and enclosures for conductors . Metal cable trays, metal raceways, 
and metal enclosures for conductors shall be grounded, except that; 

(a) Metal enclosures such as sleeves that are used to protect cable 
assemblies from physical damage need not be grounded; or 

(b) Metal enclosures for conductors added to existing installations of 
open wire, knob-and-tube wiring, and non metallic-sheathed enable 
need not be grounded if all of the following conditions. are met; 

(1) runs are less than 25 feet; 

(2) enclosures are free from probable contact with ground, 
grounded metal, metal laths, or other conductive materials; 
and 

(3) enclosures are guarded against employee contact* 

(ii) Service equipment enclosures . Metal enclosures for service equipment 
shall be grounded. 

(iii) Frames of ranges and clothes dryers . Frames of electric ranges, wall- 
mounted ovens, counter-mounted cooking units, clothes dryers, and metal 
outlet or junction boxes which are part of the circuit for these appliances 
shall be grounded. 

(iv) Fixed equipment . Exposed jion-current carrying metal parts of fixed equip- 
ment which may become energized shall be grounded under any of the 
following conditions; 

(a) If within 8 feet vertically or 5 feet horizontally of ground or 
" grounded metal objects and subject to employee contact* 
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(b) If located in a wet or damp location and not isolated. 

(e) If in electrical contact with metal. 
(B) If in a hazardous (classified) location^ 

(£) If supplied by a metal--clad, metal-sheathed, or grounded metal race- 
way wiring method. 

(f) if equipment operates with any terminal at over 150 volts to grouid; 
however, the following need not be grounded; 

(1) Enclosures for switches.or circuit breakers used for other 
than service equipment and accessible to qualified persons 
only; 

(2) Metal frames of electrically heated appliances which are 
" permanently and effectively insulated from ground} and 

(3) The cases of distribution apparatus such as transformers and 
capacitors mounted on wooden poles at a height exceeding 

8 feet above ground or grade level. 



described in paragraphs (fX5)(v) (a) through (fX5)(v) (c) of this section, 
exposed non^urrent-^carrying metal parts of cord- an3 plug-connected 
equipment which may become energized ^all be founded. 

(a) If in hazardous (classified) locations (see §1910.307). 

(b) If operated at over 150 volts to ground, except for guarded motors 
and metal frames of electrically heated appliances if the appliance 
frames are permanently and effectively insulated from ground. 

(e) If the eqaipmen^ is of the following types; 
(1) Refrigerators, freezers, and air conditioners; 
{|) Clothes-washing, clothes^ryingand dishwashing machines, ^ump 
pumps, and electrical aquarium equipment; 

(3) Hand'held motor-opersted tools; 

(4) Motor-operated appliances of the following types; hedge 
" clippers, lawn mowers, snow blowers, and wet scrubbers; 
i5) Cord- and plug-connected appliances used in damp or wet 

locations or by employees standing on the ground or on metal 
floors or working inside of metal tanks or boilers; 

(6) Portable and mobile X-ray and associated equipment; 

(7) Tools likely to be used in wet and conductive locations; and 
(^ Portable hand lamps. 



• UNDER CONDITIONS DESCR I8ED IN PARAGRAPHS (f){5)(v)(A} THROUGH (C), 
EXPOSED NONCURRENT^CAf^RYING METAL PARTS OF CORD* AND PLUG-CONNECTED 
EQUIPMENT MUST BE GROUNDED, GROUNDING METAL PARTS iS NOT REQUIRED 
WHERE THE EQUIPMENT IS SUPPLIED THROUGH AN ISOLATING TRANSFORMER WITH 
AN UNGROUNDED SECONDARY OF NOT OVER 50 VOLTS OR IF PORTABLE TOOLS 
ARE PROTECTED BY AN APPROVED SYSTEM OF DOUBLE INSULATION, TO GROUND 
CORD- AND PLUG^CONNECTED EQUIPMENT, A THIRD WIRE IS COMMONLY PROVIDED 
IN THE CORD SET AND A THIRD PRONG IN THE PLUG, THE THIRD Wl RE SERVES AS 
AN EQUIPMENT GROUNDING CONDUCTOR WHICH IS CONNECTED TO THE METAL 
HOUSING OF A PORTABLE TOOL AND A METAL GROUNDING BUS INSIDE THE SERVICE 
ENTRANCE EQUIPMENT, THE SERVICE ENTRANCE EQUIPMENT IS LOCATED AT THE 
ENTRANCE POINT OF THE ELECTRIC SUPPLY FOR A BUILDING OR PLANT AND 



(v) 




Under any of the conditions 




CONTAINS, DR SERVES OTHER PANELBOARDS WHICH CONTAIN, BRANCH CIRCUIT 
PROTECTIVE OEVICES SUCH AS FUSES ANO CIRCUIT BREAKERS. THE THIRO WIRE 
PROVIOESAPATH FOR FAULT CURRENT SHOULO AN INSULATION FAILURE OCCUR. 
IN THIS MANNER DANGEROUS FAULT CURRENT WILL BE OIRECTEO BACK TO THE 
SOURCE, THE SERVICE ENTRANCE, ANO Wl LL ENABLE CIRCUIT BREAKE RS OR FUSES 
TO OPERATE, THUS OPENING THE CIRCUIT ANO STOPPING THE CURRENT FLOW. 
FIGURE 32 ILLUSTRATES THE POTENTIAL SHOCK HAZARO THAT EXISTS WHEN NO 
THIRO WIRE, GROUNOING CONDUCTOR, IS USEO. FIGURE 33 ILLUSTRATES THE 
AOVANTAGE OF A PROPERLY CONNECTEO G ROUNOING CONOUCTOR. IT SHOULO BE 
NOTEO THAT PROPERLY BONOEO CONOUIT ANO ASSOCIATEO METAL ENCLOSURES 
CAN ALSO SERVE AS A GROUNDING CONOUCTOR AS OESCRIBEO IN PARAGRAPH 
(f)(6)(i). 




IF A FAULT OCCURS, THE CURRENT WILL FOLLOW THE TATH OF LEAST RESISTANCE TO GROUND. 
IF THE WORKER PROVIDES A PATH TO GROUND AS SHOWN, SOME PORTION OF THE CURRENT WILL 
FLOW AWAY FROM THE GROUNDED WHITE CONDUC^Cri (NEUTRAL) AND RETURN TO GROUND 
THROUGH THE WORKER. THE SEVERITY OF THE SHOCK RECEIVED WILL DEPEND ON THE AMOUNT 
OF CURRENT THAT FLOWS THROUGH THE WORKER, 



FIGURE 32. CORD- AND PLUG-CONNECTEO EQUIPMENT WITHOUT 
AGROUNOING CONOUCTOR 
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SEVERITY OF THE SHOCK RECEIVED WILL DEPEND ON THE AMOUNT OF CURRENT 
THAT FLOWS THROUGH THE WOBKE R, 




DANGEROUS FAULT CURRENT NOW IS REDfRECTED ALONG THE EQUIPMENT GROUNDING 
CONDUCTOR BACK TO THE SOURCE OF ELECTRICAL SUPPLY TO OPERATE OVERCURRENT DEVJCE. 



FIGURE 3a CORD^ANDPLUG-CONNECTED EQUIPMENT WITH A 
GROUNDING CONDUCTOR 



Tools likely to be used in wet and conductive locations need not be grounded 
if supplied through an isolating transformer with an ungrounded secondary 
of not over 50 volts. Listed or labeled portable tools and appliances pro- 
tected by an approved system of double insulation, or its equivalent^ need 
not be grounded. If such a system is employed, the equipment shall be dis- 
tinctively marked to indicate that the tool or appliance utilizes an approved 
system of double insulation, 
(vi) Nonelectrical eciuipment . The metal parts of the following nonelectrical 
equipment shall be grounded: frames and tracks of electrically operated 
cranes; frames of nonelectrically driven elevate/ cars to lyhich electric 
conductors are attached; hand operated metal shifting ropc"? or cables of 
electric elevators, and metal partitions, grill work, and similar metal en- 
closures around equipment of over 750 volts between conductors. 
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(6) Methods of grounding fixed equipment. 
• Non-cur re nt-carryii^ metal parts of fixed equipment, if required to be 

m grounded by this subpart, shall be grounded by an equipment grounding 
conductor which is contained within the same raceway, cable, or cord, or 
runs with or encloses the circuit conductors. For DC circuits only, the 
equipment grounding conductor may be run separately from the circuit ■ 
conductors. 



• THE NOMCURRENT-CARRYING METAL PARTS OF FIXED ELECTRICAL EQUIPMENT, 
THAT REQUIRE GROUNDING, I.E., METAL ENCLOSURES, MUST BE GROUNDED BY ONE 
OF TWO METHODS WHICH ARE ACCtf i AblE FOR AC SYSTEMS. BOXES, CABINCTS, 
AND OTHER METAL ENCLOSURES CAN BE GROUNDED BY AN EQUIPMENT GROu'WDJNG 
CONDUCTOR THAT IS RUN WITH THE CI RCUIT CONDUCTORS SERVING THE EQUIP- 
MENT OR BY USING THE METAL CABLE ARMOR, METAL SHEATH, OR THE METAL CON- 
DUIT THAT CONTAINS THE POWER CONDUCTORS. PROPER FITTINGS MUST BE USED 
BETWEEN ENCLOSURES AND CONDUITS TO ASSURE THAT A GOOD ELECTRICAL 
CONNECTION IS MADE SO THE GROUNDING PATH IS CONTINUOUS, 

FIGURE 34 ILLUSTRATES EXAMPLES OF HOW EQUIPMENT GROUNDING CONDUCTORS 
MAY BE RUN. FIGURE 35 SHOWS AN ACCEPTABLE AR RANGEMENT FOR EQUIPMENT 
GROUNDING USING EQUIPMENT ENCLOSURES WHICH ARE PROPERLY INTER- 
COKfNECTEDAND FASTENED. 

A SEPARATE EQUIPMENT GROUNDING CONDUCTOR MUST BE PROVIDED WHEN 
PLASTIC CONDUIT IS USED. IT MUST BE CONTAINED IN THE SAME RACEWAY OR CABLE 




The equipment Oroumfing eonductof mutt run 

with the circuit conductors poweting fixed e^iuiptnent,... ^ 



or: 




The metal conduit that enclotet the power conductor* tervtcing fixed equipment 
may tervo ai the equipment grounding conductor for tt:3t equipmgm. 



FIGURE 34. GROUNDING METHODS FOR FIXED EQUIPMENT 
USING A SEPARATE CONDUCTOR OB METAL ENCLOSURES 
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AS THE CIRCUIT OF WHICH IT IS PART AND PROPERLY CONNECTED TO TERMINALS I 
AND GROUNDING BUSES INSIDE PANELS AND BOXES. 

DC SYSTEMS ON THE OTHER HAND DO NOT REQUITE THE EQUIPMENT GROUNDING 
CONDUCTOR TO BE IN THE SAME RACEWAY AS THE CIRCUIT CONDUCTORS. 




Mfttal racewoV/ 

and iii«tai In liquid 
tight flaxiblft conduit* 
«re acMptable w the 
eifulpmant grounding conductor. 



*NOTE: THIS IS A SPECIAL CASE, WHEN LIQUID TIGHT FLEXIBLE CONDUIT IS USED THE 
LENGTH MUST NOT EXCEED 6 FEET AND THE DIAMETER MUST BE 1 1/4 INCHES OR 
LESS (NEC SECTION 280-9HB) EXCEPTION NO, 2) 

FIGURE 35, GROUNDING METHOD FOR FIX EQUIPMENT USING CIRCUIT 
CONDUCTOR ENCLOSURES AS EQUIPMENT GROUNDING CONDUCTOR 



d (ii) Electric equipment is considered to be effectively grounded if it is secured 
to, and in electrical contact with, a metal rack or structure that is provided 
for its suppoi^t and the metal rack or structure is grounded by jthe method 
specified for the non-cur rent-earpying metal parts of fixed equipment in 
paragraph (f)(6Ki) of this section. For installations made before April 16, 
1981, only, electric equipment is also considered to be effectively grounded 
if it is secured to, and in metallic contact with, the grounded structural 
metal frame of a building. Metal car frames supported by metal hoisting 
cables attached to or running over metal sheaves or drums of grounded 
elevator machines are also considered to be effectively grounded. 
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• IF ELECTRICAL EQUIPMENT THAT MUST BE GROUNDED IS ATTACHED TO A 
VIETAL RACK OR STRUCTURE THAT IS GROUNDED, AND IF THERE IS A GOOD 
ELECTRICAL CONNECTION BETWEEN THE EQUIPMENT AND THE METAL RACK OR 
STRUCTURE, THEN THE EQUIPMENT IS CONSIDERED TO BE GROUNDED. THE 
STRUCTURE MUST BE EFFECTIVELY GROUNDED BY A GROUNDED RACEWAY OR 
EQUIPMENT GROUNDING CONDUCTOR RUN WITH THE CONDUCTOR SERVING THE 
EQUIPMENT ON THE STRUCTURE. FIGURE 36 SHOWS A MOTOR SUITABLY GROUNDED 
THROUGH ITS ATTACHMENTS TO A GROUNDED STRUCTURE. 

METAL ELEVATOR CAR FRAMES ARE CONSIDERED TO BE EFFECTIVELY 
GROUNDED BECAUSE THERE IS CONTINUOUS METAL-TO-METAL CONTACT BETWEEN 
THE CAR AND THE GROUNDED ELEVATOR MACHINE THROUGH THE METAL 
HOISTING CABLES THAT ARE ATTACHED TO BOTH. FIGURE 37 SHOWS METAL 
HOISTING CABLES FOR AN ELEVATOR WHICH ARE CONSIDERED EFFECTIVELY 
GROUNDED. 

Motor Securely 
Attached to Structure 



Metal Enclosure n Securely Attached 
to Structure and Therefore the 
Structure h Grounded 




Flexible Cable Does Not 
Contain an Equipment 
Grounding Conductor 



Conduit is Used as the 
Equipment -Grounding 
Conductor 



FIGURE 36. MOTOR SUITABLY G ROUND^ J BY ITS ATTACHMENT 
TO GROUNDED STRUCTURE 



68 

"ifflliTiif^ril'i'H 




FieURE37. EQUIPMENT CONSIDERED EFFECTIVELY GROUNDED 



METAL HOISTING CABiiES ATTACHED TO OR RUNNING OVER METAL SHEAVES OR 
' DRUMS 6f grounded ELEVATOR MACHINES ARE CONSIDERED GROUNDED. 



(7) Grounding of systenis and circuits of 1000 volts and oyeHtijgh voltage ). 

G5 GeneraL If high voltage systems are grounded^ they snhU comply with all 
o applicable provisions of paragraphs (f)(1) through (f)(6)/Sf this section as 
^supplemented and modified by this paragraph (f)(7). 
(ii) Grounding of systems supplying portable or mobile equipment. (See* 

§1910.3 02rb)(3) J Systems supplying portable or mobile high voltage equip- 
ment> other than substations installed on a temporary basis, shall comply 
' ' ^ ?ollowing; 

t ' Portable and mobile high voltage equipment shall be supplied from 

a system having its neutral grounded through an impedance. If a 
delta- connected high voltage system is used to supply the equipment, 
a system neutral shall be derived. 
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• BECAUSE OF THEIR LARGE CURRENT FLOWS, HIGH VOLTAGE SYSTEMS WHICH 
OPERATE Ay 1,000 VOLTS OR MORE CANNOT BE GROUNDED USING LOW-lMPEDANCE 
GROUNDING CONDUCTORS AS IS DONE ON LOW VOLTAGE SYSTEMS. "IMPEDANCE" IN 
AN ALTERNATING CURRENT (AC) SYSTEM IS THE TOTAL OPPOSITION TO CURRENT 
FLOW. PORTABLE HIGH VOLTAGE EQUIPMENT MUST BE SUPPLIED WITH POWER FROM 
AN ELECTRICAL SYSTEM THAT HAS ITS NEUTRAL CONDUCTOR GROUNDED THROUGH 
AN IMPEDANCE. "AN IMPEDANCE" tS A DEVICE WHICH, WHEN IT IS PLACED IN A CIR- 
CUIT, WILL OPPOSE CURRENT FLOW, THUS AIDING ITS CONTROL. T^E IMPEDANCE 
CONTROLS THp FAULT CURRENT SO Ap NOT TO DAMAGE THE SYSTEM. FIGURE 39 
SHOWS THE LOCATION OF AN IMPEDANCE IN A GROUNDING CONNECTION. 

A DELTA-CONNECTED AC CIRCUIT^ BY ITS DESIGN, DOES NOT HAVE A NEUTRAL 
CONDUCTOR; THRREFORE, WHEN JHjS TYPE OF HIGH VOLTAGE SYSTEM SUPPLIES 
POWER TO PO^ITABLE EQUIPMENT, A NEUTRAL IS DERIVED BY MEANS OF A GROUND- 
ING TRANSFoIrmE R. this gives the SYSTEM THE ADVANTAGES OF A GROUNDED 
SYSTEM INCLUDING THE PROTECTION FROM ACCIDENTAL GROUNDING. THIS IS 
REQUIRED BEQAUSEOFTHE GREATER RISK OF ACCIDENTAL GROUNDING THAT 
EXISTS ON A PORTABLE S*. STEM. SEE FIGURE 38. 
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FIGURE 38. DERIVED NEUTRAL FOR Aw UNGROUNDED DELTA-CONNECTED 
SYSTEM SHOWING THr NEUTRAL GROUNDED THROUGH AN IMPEDANCE 
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to) Exposed non-cun int-carrying metal parts of portable and mobile 
equipment shall be connected by an equipment grounding conductor 
to the point at which the system neutral impedance is grounded. 



• ALL EXPOSED NONCURRENT-CARR Y!NG METAL PARTS AND THE METAL ENCLO- 
SURES, MUST 8E ELECTRICALLY INTERCONNECTED WITH AN EQUIPMENT-GROUNDING 
CONDUCTOR. EITHER THE METAL RACEWAYS, METAL SOXES, AND OTHER METAL 
ENCLOSURES MUST BE BONDED 1 OGETHER, OR A SEPARATE CONDUCTOR MUST BE 
RUN WITH THE CIRCUIT CONDUCTORS AND IDENTIFIED AS THE EQUIPMENT-GROUND- 
ING CONDUCTOR. FIGURE 39 ILLUSTR ATES WHERE THE EQUIPMENT GROUNDING CON- 
DUCTOft IS TO BE CONNECTED TO G ROUND. IT SHOULD NOT BE CONNECTED AHEAD 
OF THE NEUTRAL IMPEDANCE. MAKING THE GROUNDING CONNECTION AT THE 
PROPER POINT FACILITATES THE OPERATION OF GROUND FAULT RELAYS AND PRO- 
TECTSTHE REST OF THE SYSTEM F ROM THE DAMAGING FAULT CURRENT. 




Portable High VoUape Transformer 



Neutral 
Conductor 
Impedance 




FIGURE 39. NONCURRENT-CARR YING METAL PARTS CONNECTED 



• (c) Ground-fault detection and relaying shall be provided to automatically 

de-energi?.e any high voltage system component which has developed 
a ground fault. The continuity of the equipment grounding 
conductor shall be continuously monitored so as lo de-energize auto- 
matically the high voltage feeder to the portable equipment upon 
loss of continuity of tht; equipment grounding conductor. 
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• PORTABLE HIGH-VOLTAGE EQUIPMENT MUST HAVE A MEANS OF DETECTING 
FAULTS AND AUTOMATICALLY DISCONNECTING THE POWER TO THE EQUIPMENT I F A 
GROUND FAULT DEVELOPS, THE DETECTION SYSTEM MUST CONTINUALLY MONITOR 
THE SYSTEM SO THAT POWER WILL BE DISCONNECTED AS SOON AS A FAULT OCCURS. 

IN FIGURE 40, IF AGROUND FAULT OCCURS AT (A}, THE FAULT CURRENT WILL 
TRAVEL ALONG THE PATH OF THE EQUIPMENT GROUNDING CONDUCTOR TO THE 
POINT WHERE THE NEUTRAL CONDUCTOR IMPEDANCE IS GROUNDED. IT WILL THEN 
RETURN TO THE CENTER POINT OF THE TRANSFORMER WINDINGS, TO THE NEUTRAL, 
PASSING THROUGH THE GROUND FAULT DETECTOR. ONCE THE GROUND FAULT 
DETECTOR SENSES FAULT CURRENT, A SIGNAL IS TRANSMITTED TO THE GROUND 
FAULT RELAYWHICH WILL OPERATE A DISCONNECT TO DE-ENERGI2E H;?-H V '^LTAGE 
SYSTEM COMPONENTS WHICH HAVE DEVELOPED A FAULT . IN ADDITION, Th^ vX)N- 
TINUITYOFTHE EQUIPMENT GROUNDING CONDUCTOR MUST BE CONTiNUOUSl.Y 
MONITORED. SHOULD A BREAK OCCUR IN THE EQUIPMENT GROUNDING CONDUCTOR, 
THE CIRCUIT MUST AUTOMATICALLY BE DE-ENERGIZED. 

FIGURE 41 IS A PHOTOGRAPH OF AGROUND DETECTOR WHICH MONITORS THREE 
LEGS OF A 3-PHASE SYSTEM, 
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FIGURE 40, GROUND-FAULT DETECTION AND RELAYING 
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FIGURE 41. GROUND DETECTOR 



(d) The grounding electrode to which the portable or mobile equipment 
system neutral impedance is connected shall be isolated from and 
separated in the ground by at least 20 feet from any other system 
or equipment grounding electrode, and there shall be no direct con- 
nection between the grounding electrodes, such as buried pipe, fence, 
etc. 



• GROUNDING ELECTRODES OF SYSTEMS SUPPLYING PORTABLE OR MOBILE 
EQUIPMENT MUST BE ISOLATED FROM AND SEPARATED IN THE GROUND BY AT LEAST 
20 FEET FROM ANY OTHER GROUNDlNiG ELECTRODES. THERE MUST NOT BE ANY 
DIRECT ELECTRICAL CONNECTION BETWEEN THESE GROUNDING ELECTRODES AND OTHER 
OBJECTS SUCH AS BURIED PIPES, FENCES, ETC., TO PREVENT INTERFERENCE 
BETWEEN SYSTEMS. SEE FIGURE 42. 
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FIGURE 42, ISOLATED GROUNDING ELECTRODE 



(iiO Grounding of equipment . All non-eurrent-carrying metal parts of portable 
equipment and fixed equipment including their associated fences, housings, 
enclosures, and supporting structures shall be grounded. However, equipment 
which is guarded by location and isolated from ground need not be grounded. 
Additionally, pole-mounted distribution apparatus at a height exceeding 
8 ^eet above ground or grade level need not be grounded. 
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§1910.305 WIRING METHODS 
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S19I0.305 Wiring methods, components, and equipment for general use . 

(a) Wiring methods . The provisions of this section c!" ot apply to the conductors that 
are an integral part of factory-assembled equipment, 
(l) General requirements . 

ID Electrical continuity of metal racewayg and enclosures . Metal raceways, 
cable armor, and other metal enclosures for conductors shall be metallically 
joined together into a continuous electric conductor and shall be so connected 
to all boxes, fittings, and cabinet? as to provide effective electrical continuity, 
(ii) Wiring in ducts . No wiring systems of any type shall be installed in ducts 
used to transport dust, loose stock or flammable vapors. No wiring system 
of any type may be installed in any duct used for vapor removal or for 
ventilation of commercial-type cooking equipment, or in any shaft 
containing only such ducts. 
• (2) Temporary wiring . Temporary electrical power and lighting wiring methods may 
be of a class less than would be required for a permanent installation. Except 
as specifically modified in this paragra|.h, all other requirements of this subpart 
for permanent wiring shall apply to temporary wiring installations. 



• TEMPORARYWtRING 

THE REQUIREMENTS FOR TEMPORARY WIRING FOR POWER AND LIGHTING PUR- 
POSES INCLUDE PROVISIONS FOR WIRE CONNECTIONS, JUNCTION SOXES, AND OVER- 
CURRENT PROTECTION AS WELL AS THE USE OF CONDUCTORS. TEMPORARY WIRING 
DOES NOT HAVE TO MEET ALLOF THE REQUIREMENTS THAT PERMANENT WIRING 
MUST MEET. FOR EXAMPLE, AN ELECTRICAL METER ON A CONSTRUCTION SITE CAN 
8E MOUNTED ON A POLE OR OTHER TEMPORARY SUPPORT, WITH OPEN INSULATED 
CONDUCTORS USED TO CONNECT IT, IF THE METER WERE PART OF A PERMANENT 
INSTALLATION, IT WOULD HAVE TO BE MOUNTED ON A PERMANENT STRUCTURE, 
SUCH AS A BUILDING, AND THE CONDUCTORS WOULD NORMALLY BE PLACED IN 
CONDUIT FOR PERM ANENT PROTECTION. FIGURE 43 SHOWS A PERMISSIBLE TEM- 
PORARY WIRING ARRANGEMENT. 
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Permanent 



Supply 




FIGURE 43, TEMPORARY WIRING ARRANGEMENT PERMISSIBLE FOR 
OURATION OF CONSTRUCTION, REMOOELING,MAINTENANCE, 
REPAIR, OR OEMOLITION OF STRUCTURES 



(i) Uses permitted^ 600 voIts> nominal or less . Temporary electrical 
power and lightii^ ii^tallations 600 volts, nominal, or less may be used 
only: 

(a) During and for remodeling, maintenance, repair, or demolition of 
buildings, structures, or equipment, and similar activities; 

(b) For experimental or development work, and 

(c) For a period not to exceed 90 days for Christmas decorative 
llghtii^, carnivals, and similar purposes. 

(ii) Uses permitted^ over 600 volts, nominaK Temporary wiring over 600 
volts, nominal* may be used only during periods of tests, experiments, 
or emergencies. 

(iiO General requirements for temporary wiring . 

(a) Feeders shall originate in an approved distribution center. The con- 
ductors shall be run as multiconductor cord or cable assemblies, or, 
where not subject to physical damage, they may be run as open con- 
ductors on insulators not more than 10 feet apart. 
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• FEEDER CIRCUITS 

FEEDERS ARE THE CONDUCTORS THAT TRANSMIT POWER FROM THE SERVICE 
DROP TO THE DISTRIBUTION PANELBOARD, OR BETWEEN THE MAIN DISCONNECT AND 
THE BRANCH CIRCUIT OVERCURRENT DEVICES (CIRCUIT BREAKERS, FUSES). 
FEEDERS FOR TEMPORARY Wl RING MUST ORIGINATE INSIDE AN APPROVED DISTRI- 
BUTION CENTER, SUCH AS A PANELBOARD, THAT IS RATED FOR THE VOLTAGES AND 
CURRENTS THE SYSTEM IS EXPECTED TO CARRY. SOME EQUIPMENT IS MANU- 
FACTURED SPECIFICALLY FOR TEMPORARY USE. 

FEEDERS MAY BE RUN AS MULTI-CONDUCTOR CORDS OR CABLES, I.E., TWO OR 
MORE CONDUCTORS, EACH WITH THEIR OWN INSULATION, RUN TOGETHER IN THE 
SAME CORD. ONE TYPE OF CABLE ASSEMBLY HAS THE HOT CONDUCTORS JACKETED 

t 

TOGETHER AND THE NEUTRAL WRAPPED AROUND THEM. THE NEUTRAL IS A SPECIAL 
CABLE THAT IS REINFORCED WITH STEEL TO PROVIDE THE NECESSARY SUPPORT FOR 
THE ENTIRE ASSEMBLY. 

WHEN FEEDER CONDUCTORS WILL NOT 8E SUBJECTED TO PHYSICAL DAMAGE, 
THEY CAN BE INSTALLED AS OPEN CONDUCTORS. HOWEVER, THEY MUST BE 
INSTALLED ON INSULATING SUPPORTS THAT ARE NO MORE THAN 10 FEET APART 
(SEE FIGURE 44). 




FIGURE 44. TEMPORARY FEEDERS RUN AS OPEN CONDUCTORS 
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(b) Branch circuits shall originate in an approved power outlet or panel- 
~ board. Conductors shall be multiconductor cord or cable assemblies 
or open conductors. If run as open conductors they shall be fastened 
at ceiling height every 10 feet. No branch-circuit conductor may 
be laid on the floor. Each branch circuit that supplies receptacles 
or fixed equipment shall contain a separate equipment grounding 
conductor if run as open conductors. 



• BRANCH CIRCUITS 

BRANCH CIRCUITS ARE THE CONDUCTORS BEfWEEN THE LAST OVERCURRENT 
DEVICE IN AN ELECTRICAL SYSTEM AND THE OUTLETS, SUCH AS RECEPTACLES, 
LIGHTING OUTLETS, AND OUTLETS FOR ELECTRICAL EQUIPMENT WIRED DIRECTLY INTO A 
CIRCUIT. BRANCH CIRCUITS FOR TEMPORARY WIRING MUST ORIGINATE INSIDE AN 
APPROVED PANELBOARD OR POWER OUTLET THAT IS RATED FOR THE VOLTAGES AND 
CURRENTS THE SYSTEM IS EXPECTED TO CARRY. AS WITH FEEDERS. BRANCH CIRC'JIT 
CONDUCTORS CAN BE CONTAINED WITHIN MULTI-CONDUCTOR CORD OR CABLE 
ASSEMBLIES, OR THEY CAN LE RUN AS OPEN CONDUCTORS. IF THE CONDUCTORS ARE 
RUN AS OPEN CONDUCTORS, THEY MUST BE SECURELY ATTACHED EVERY 10 FEET AT 
CEILING HEIGHT. TO AVOID PHYSICAL DAMAGE, BRANCH CIRCUIT CONDUCTORS 
MUST NEVER BE PLACED ON THE FLOOR (SEE FIGURE 45), 



Permanent 
Branch 




FIGURE 45, TEMPORARY BRANCH CIRCUIT 
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ir A BRANCH CIRCUIT SUPPLIES ROWER TO A RECEPTACLE OR TO FIXED EQUIP- 
MENT THROUGH A SYSTEtvl OPE N CONDUCTORS, AN ADDITIONAL CONDUCTOR 
MUST BE RUN WITHlfifc^lRCUIT CONDUCTORS TO GROUND EQUIPMENT. 



(e) Receptacles shall be of the grounding type. Unless installed in a 
complete metallic raceway, each branch circuit shall contain a 
separate equipment grounding conductor and all receptacles shall 
be electrical^ connected to the grounding conductor. 



RECEPTACLES 

RECEPTACLES USED tN TEMPORARY WIRING CIRCUITS MUST PROVIDE A CON- 
NECTION FOR Ai = EQUIPtylENT GROUNDING CONDUCTOR. UNLESS THE RECEPTACLE IS 
SUPPLIED BY A METALLIC RACEWAY THAT PROVIDES A CONTINUOUS GROUNDING 
PATH BACK TO THE SOURCE, A SEPARATE EQUIPMENT GROUNDING CONDUCTOR 
MUST BE PLACED IN THE BRANCH CIRCUIT. THERE MUST BE A GOOD ELECTRICAL 
CONNECTION BETWEEN THE RECEPTACLE GROUNDING TERMINAL AND THE EQUIP- 
MENT GROUNDING CONDUCTOR (SEE FIGURE 46). 



TempoTary Branch 
Circuit Supply 



Bare Conductor 




Each receptacle used for temporary wiring 
shall be connected to the grounding conductor. 
A bonding fumper connected to terminal 
screws provides an electrical connection. 



FIGURE 46. RECEPTACLE USED FOR TEMPORARY WIRING 
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• (d) No bare conductors nor earth returns may be used for the wiring of 

any temporary circuit. 



• ea:hth returns 

bare conductors are conductors that do not have any coverings 
whatsoever. bare conductors must not be used for wiring temporary 
circuits. 

earth returns use the earth itself to provide a current pafh back to 
the supply source. this is done by implanting a grounding electrode at 
the equipment being servep and connecting the equipment to the un- 
grounded conductor and to the grounding electrode. since one side of 
the supply source is also connected to ground th rough a grounding 
electrode, a return path exists; however, its effectiveness is dependent 
on varying soil conditions. earth returns must not be used for wl ring 
temporary circuits because they are not always effective and may pfte- 
sent a serious hazard on temporary work sites. figure 47 shows an earth 
return, which is not allowed, in contrast to a proper return system. 




In addition, a separate equipment grounding conductor must be used to provide a 
low'impedanca Path to the source. This Path will atfowsufficient current to flow 
to operate the circuit breaker when a fault occurs. 



FIGURE 47. EARTH RETURNS 
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• (e) Suitable disconnecting switches or plug cottnectors shall be installed 
^ to permit the disconnection of all ungrounded conductors of each 

temporary circuit, 

♦ DISCONNECTING MEANS 

SUITABLE SWITCHES OR PLUG CONNECTORS, SUCH AS THOSE AI^PROVED FOR USE 
IN DAMP L0CAT(ONS,MUST BE INSTALLED IN ALL UNGROUNDED, OR HOT, CON- 
DUCTORS USED IN TEMPORARY CIRCUITS. THESE SWITCHES ALLOW POWER TO THE 
CONDUCTORS TO BE QUICKLY AND SAFELY DISCONNECTED IN EMERGENCIES OR FOR 
MAINTENANCE PURPOSES. FIGURE 4B SHOWS A PLUG CONNECTOR THAT IS 
ACCEPTABLE FOR USKWITH TEMPORARY CIRCUITS. 




FIGURE 48. PLUG CONNECTOR FOR USE WITH TEMPORARY CIRCUITS 



(f) Lamps for general illumination shall be protected from accidental 
contact or breakage. Protection shall be provided by elevation of 
at least 7 feet'from normal working surface or by a suitable fixture 
or lampholder with a guard. 

(g) Flexible cords and cables shall be protected from accidental damage. 
Sharp corners and projections shall be avoided, ^'here passing through 
doorways or other pinch points, flexible cords -*i.u cables shall be 
provided with protection to avoid damage. 

(3) Cablfe trays . " . ■ . 

Ti] Uses permitted . 

. (aJ Only the following may be installed in cable tray systems; 
(1) MineraWnsuiated metal-sheathed cable (Type MO; 
(|) Armored cable (Type AC); 
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(3) Metal-oiad cable (Type MC/ 

(4) Power-limited tray cable (Type PLTC); 

(|) Nonmetaiiic-sheathed cable (Type NM or NMC); 

(6) Shielded nonmetallic-sheathed cable (Type SNM)j 

(7) Multiconductor service-entrance cable (Type SE or USE); 
(j) Multicbnductor unde^^ground feeder and branch-circuit cable 
^ (TypeiUF); 

(9) Powen and control tray cable (Type TC); 

(^)iOther factory-assembled, multicon<^uctor control, sigiial, or 

power cables which are specifically approved for installation 

in cable trays; or 

(ll) Any approved conduit or raceway with its contained conductors. 

(b) In industrial establishments only, v^here conditions of maintenance 
and supervision assure that only qualified persons will service the 
installed cable tray s^^stem, the following cables may also be installed 
in ladder, ventilated trough, or 4 inch ventilated channel-type cable 
trays: 

(1) Single conductor cables which are 250 MCM or larger and are Types 
RHH, RHW, MV, USE, or THW, and other afJO MCM or larger single 
conductor cables if specificaily approved for installation in cable 
trays. Where exposed to direct rays of the sun, cables shall be 
sunlighHresistant. 

(2) Type MV cables, where exposed to direct rays of the sun, shall 
be sunlight-resistant. 

(c) Cable trays in hazardous (classified) locations shall contain only 
the cable types permitted in such locations. - 

(ii) Uset not p^3rmitted . Cable tray systems may not be used in hoistvvays or 

where subjected to severe physical damage. 
Open wiring on insulators . 

(if Uses permitted . Op\?n wiring on insulators is only permitted "on systems 
of 600 volts, nominal, or less for industrial or agricultural establishments 
and for services* 

(ii) Conductor supports . Conductors shall be rigidly supported on noncombustible, 
nonabsorbei:t insulating materials and may not contact ar*y ether objects. 

(i'i) Flexible nonmetallic tubing . In dry locations where r^ot exposed to severe 
physical damage, conductors may be separately enclosed in flexible non- 
metallic tubing. The tubing shall be in continuous lengths not exceeding 
15 feet and secured to the surface by straps at intervals not exceeding 4 
feet 6 inches. 

(iv) Through waUs> fbors, wood cross member$> etc. Open conductors shall 
be separated from contact with walls, floors, wood cross members, or 

pai 'itions through which they pass by tubes or bushings of noncombustible, 
nonabsorbent insulating material. If the bushing is shorter than the 
i hole, a waterproof sleeve of nonconductive material shall be inserted in 
the hole and an insulating bushing slipped into the sleeve at (rach end in 
such a manner as to keep tlie conductors absoluteW out of contact with 
the sleeve. Ettch conductor shall be carried through a separate tu.^e op 
sleeve. 

(v) Protection from physical damagfe . Conductors within 7 fe^t from the 
floor are considered exposed to physical damage. Where open conductors 
cross ceiling joists and wall studs and are exposed to physical damage, they 
shall be protected* 
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. (b) CabinetSt boxes, and fittiugs . I \ 

• UJ Conduetors entering boxes, eabinetsjor fittings ^ Conductors entering boxes, 
cabinets^ or fittings shall be proteett^d frorti abrasion^ and openings through 
which conductors enter shall be effectively dosed. Unused openings in cabinets^ 
boxes^ and fittings shall also be effectively <^^osed. 

■ V ■ 



• CONDUCTORS ENTERING BOXES, CABINETS, OR FITTINGS 

SINCE CONDUCTORS CAN BE DAMAGED lt= THEY RU^, AGAINST THE SHARP EDGES 
OF CABINETS, BOXES, OR FITTINGS, THEY MUST BE PROTECTED FROM DAMAGE 
, WHERE THEY ENTER, TO PROTECT THE CONDUCTORS, SOME TYPE OF CLAMP OR 
RUBBER GROMMET MUST BE USED. THE DEVICE USED MUST CLOSE THE HOLE 
THROUGH WHICH THE CONDUCTOR PASSES AS WELL AS PROVIDE PROTbCTION FROM 
ABRASION. IF THE CONDUCTOR IS IN A CONDUIT AND THE CONDUIT FITS TIGHTLY 
IN THE OPENING, ADDITIONAL SEALING IS NOT REQUIRED, i 

THE KNOCKOUTS IN CABINETS, BOXES, AND FITTINGS SHdULD BE REMOVED ONLY 
IF CONDUCTORS ARE TO BE RUN THROUGH THEM. HOWEVER, IF A KNOCKOUT IS 
^'ISSING OR IF THERE IS ANOTHER HOLE IN THE BOX, THE HOLE OR OPENING MUST 
BE CLOSED. 



Cablo clamps p/oted 
conductors from abrasion 
and effectively close 
tha opening . 




FIGURE 49. CONDUCTOR ENTERING BOX OR CABINET 
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(2) Covers and canopies . AH pull boxes* junction boxes, and fittings shall be pro- 
vided with covers approved for the purpose. If metal covers are used they shal) 
be grounded. In completed installations each outlet box shall nave .a cover, face- 
plate, or f'xture canopy. Covers of outlet boxes having holes Through which ^ 
flexible ^ord pendants pass shall be provided with bushings designed for the 
purpose or shall have smooth, well-rounded surfaces on which the cords may 
bear. 
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(3) Pull and junction boxes for systems over 600 volts, nominal . In addition 
to other requirements in this section for pull and. junction boxes, the 
following shall apply to these boxes for^ystems over 600 volts, nominal: 

(i) Boxes shall provide a complete enclosure for the contained conductors or 
cables- 

(ii) Boxes shall be closed by suitable covers securely fastened in place. 
Underground box covers that wei^i over 100 pounds meet this requirement. 
Covers for boxes shall be permanently marked "HIGH VOLTAGE." The 
marking shall be on the outside o." the box cover and shall be readily visible 
and legible. 

(c) Switches . 

• (1) Knife switches . Single-throw knife switches shall be so connected that the blades 
are dead when the switch is in the open position. Single-throw knife switches shall 
be so placed that gravity will not tend to close them. Single-throw knife switches 
approved for use in the inverted position shall be provided with a locking device 
that will ensure that the blades remain in the open position when so set. 



• KNIFE SWITCHES 

SINGLE-THROW KNIFE SWITCHES HAVE ONE ENERGIZED (CLOSED OR "ON") 
POSITION AND ONE OPEN (DEAD OR "OFF") POSITION. THE SWITCH MUST BE / 
DIESIGNED SO THAT WHEN IT IS IN THE OPEN POSITION, THE BLADES ARE NOTENER- 
GI2ED (I.E., THE BLADES MUST RE CONNECTED TO THE LOAD SIDE, NOT THE SUPPLY 
SIDE OF THE CIRCUIT). THE SWITCHES MUST ALSO BE INSTALLED SO THAT IF THE 
SWITCH FALLS DOWNWARD, IT WILL NOT FALL INTO ITS ENERGIZED POSITION. HOW- 
EVER, SOME SINGLE-TH ROW KNIFE SWITCHES ARE DESIGNED TO INSTALLED SO 
THAT THEY OPEN UPWARD. TO BE APPROVED FOR THIS TYPE Oi? INSTALLATION, 
THEY MUST HAVE A LATCH OR OTHER LOCKING DEVICE (?UCH AS A SPRING-LOADED 
DEVICE) USED TO SECURE THE SWITCH IN THE OPEN POSITION. THE ILLUSTRATION IN 
FIGURE 50A SHOWS A SINGLE-THROW KWFB SWITCH CONNECTED SO THAT THE 
BLADES ARE dIaD WHEN THE SWITCH IS OPEN. ADDITIONALLY, FIGURE SOB SHOWS A 
LATCH ARRANGEMENTTHAT HOLDS THE BLADE IN THE OPEN POSITION AND WILL 
PREVENT GRAVITY FROM PULLING THE SWITCH CLOSED. 
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FIGURE 50. KNIFE SWITCHES 



Double-throw knife switches may be mounted so that the throw will be either 
vertical or horizontal. However, if the throw is vertical a locking device ^all 
be provided to ensure that the blades remain in the open position when so set* 



• DOUSLE-THROW KNIFE SWITCHES 

DOUBLE-THROW KNfFE SWITCHES ARE KNIFE SWITCHES THAT HAVE TWO 
ENEF^GIZED (CLOSED On "ON") POSITIONS AND ONE OPEN (DEAD OR "Of F") 
POSITION, THESE SWITCHES CAN 8£ MOUNTED VERTICALLY SO THAT THEY ARE 
MOVED UP AND DOWN, OR HORIZONTALLY SO THAT THEY ARE MOVED BACK AND 
FORTH, IF SWITCHES ARE MOUNTED VERTICALLY, THEY MUST HAVE A LOCKING 
DEVICE (SUCH AS A SPRING-LOADED DEVICE) THAT WILL HOLD THE SWITCH BLADES 
IN THE OPEN POSITION (SEE FIGURE 51). 
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Switchboard 



Double- throw switch 
blades are usually 
energized even though 
switch Is in the open 
position. 



FICURE 51. DOUBLE-THROW KNIFE SWITCHES WITH LOCKING DEVICE 



(2) Paeeplates for ^lush-mounted snap switches . Plush snap switches that are mounted 
in ungrounded metal boxes and located within reach of conducting floors or other 

'^ conducting surfaces shall be provided with faceplates of nonconducting, noncom- 
biistible material. 

♦ (d) Switchboards and panelboards . Switchboards that have any exposed live parts shall 
be located m permanently dry locations and accessible only to qualified persons. 
Panelboards shall be mounted in cabinets, cutout boxes, or enclosures approved for 
the purpose an*' shall be dead front. However, panelboards other than the dead front 
externally-opei'iible type are permitted where accessible only to qualified persons. 
Exposed blades of knife switches shall be dead when open. 



e SWITCHBOARDS AND PANELBOARDS 

A SWITCHBOARD THAT HAS EXPO'^'tD LIVE PARTS MUST BE LOCATED )N AN AREA 
THAT IS NOT SUBJECT TO WETNESS OR DAMPNESS. ONE PURPOSE OF THIS REGU- 
LATION IS TO LESSEN THE CHANCE OF SEVERE SHOCK IF A WOR KER ACCIDENTALLY 
CAME INTO CONTACT WITH THE LIVE PARTS. ADDITIONALLY, ONLY QUALIFIED 
PERSONS MAY HAVE ACCESS TO SWITCHBOARDS WITH EXPOSED LIVE PARTS, TO 
LIMIT ACCESS, THE SWITCHBOARD SHOULD BE LOCATED IN A LOCKED ROOM OR 
WITHIN A LOCKED CAGE OR FENCED AREA. KEYS TO THE LOCKS SHOULD BE CON* 
TROLLED TO ENSURE THAT ONLY PROPERLY TRAINED PERSONNEL ARE ALLOWED 
TO ENTER THE AREA, 
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PANELBOARDS MUST BE MOUNTED IN ENCLOSURES AND MUST BE RATED FOR THE 
VOLTAGES AND CURRENTS INVOLVED. PANELBOARDS, LIKE SWITCHBOARDS, MAY 
HAVE EXPOSED LIVE PARTS IF ONLY PROPERLY TRAINED PERSONNEL WILL HAVE 
ACCESS TO THEM. IF THE PANELBOARD HAS AN EXPOSED KNIFE SWITCH, TH E BLADES 
MUST BE DE-ENERGIZED WHEN THE SWITCH IS OPEN. (SEE ALSO DISCUSSION OF KNIFE 
SWITCHES, PAGE 68. 



(e) Enclosures for damp or wet locations . 

(1) Cabinets, cutou t boxes, f ittings, boxes, atvd panelboard enclosures in damp or wet 
locations shall be installed so as to prevent moisture or water from entering and 
accumulatir^ within the enclosures. In wet locations the enclosures shall be 
weatherproof. 

(2) Switches, circuit breakers, and switchboards installed in wet locations shall be 
enclosed in weatherproof enclosures. 

• (f) Conductors for general wiring . All conductors used for general wiring shall be insulated 
unltjss otherwise permitted in this Subpart. The conductor insulation shall be of a 
type that is approved for the voltage, operating temperature, and location of use. 
^ulated conductors shall be distir^uishable by appropriate color or other suitable 
means as being grounded conductors, ungrounded conductors, or equipment groundir^ 
conductors. 



• CONDUCTOR INSULATION 

TO PROVIDE ADEQUATE PROTECTION AGAINST SHOCK AND FIRE HAZARDS, CON- 
DUCTORS MUST BE INSULATED WITH APPROVED MATERIALS. INSULATING MATERIAL 
SHOULD BE THE APPROPRIATE COMPOSITION AND THICKNESS FOR THE VOLTAGE 
AND CURRENT THE CONDUCTOR WILL CARRY, FOR THE TEMPERATURE EXTREMES 
AND OTHER ENVIRONMENTAL FACTORS TO WHICH IT WILL BE SUBJECTED, AND FOR 
THE LOCATION IN WHICH IT IS TO BE PLACED. 

INSULATED CONDUCTORS MUST ALSO BE EASILY IDENTIFIABLE, AND COLOR 
CODING IS MOST OFTEN USED. NEUTRAL, OR GROUNDED, CONDUCTORS SHOULD BE 
WHITE OR NATURAL GRAY. GROUNDING CONDUCTORS SUCH AS EQUIPMENT 
GROUNDING CONDUCTORS SHOULD BE GREEN OR GREEN WITH YELLOW STRIPES. 
GROUNDING CONDUCTORS ARE PERMITTED TO BE BARE WIRES. OTHER TYPES OF 
CIRCUIT WIRES MAY BE ANY COLORS EXCEPT THESE. FiGf IRE 52 SHOWS THE 
CONSTRUCTION OF ATYPICAL MULTICONDUCTOR CABLE. INCLUDING THE INSULATION 
ON THE INDIVIDUAL CONDUCTORS, 
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environment in which it is placed 
and the voltage it is subject to. 

FIGURE 52. TYPICAL MULTICONDUCTOR INSULATION 



(g) Flexible cords and cables . 

(1) Use of flexible cords und cables. 



(b) 
(c) 
(d) 
(i) 
(?) 



) 



(i) 



71) Flexible cords and cables shall be approved and suitable for conditions 
of use and location. Flexible cords and cables ^all be used only for: 
(a) Pendants; 

Wiring of fixtures; 

Connection of portable lamps or appliances; 
Elevator cables; 
Wiring of cranes and hoists; 

Connection of stationary equipment to facilitate their frequent 
interchange; 

Prevention of the transmission of noise or vibration; 
Appliances where the fastening means and mechanical connections 
are designed to permit removal for maintenance and repair; or 
Data processing cables approved as a part of the data processing 
system. 

(ii) If used as permitted in paragraphs (g)(l)(i)(c)> (g)(l)(i)(f), or (g)(l)(i)(h) of this 
section, the flexible cord shall be equipped with an attachment plug and 
shall be energized from an approved receptacle outlet. 

(iii) Unless specifically permitted in paragraph (g)(l)(i) of this section, flexible 
cords and cables may^not be used: 

(a) As a substitute for the fixed wiring of a structure; 

(b) Where run through holes in walls, ceilings, or fkors; 

(c) Where run through doorways, windows, or similar openings; 

(d) Where attached to building surfaces; or 

(e) Where concealed behind building walls, ceilings, or floors. 

(iv) Flexible cords used in show windows and showcases ^all be Type 

S, SO, SJ, SJp, ST, STO, SJT, SJTO, or AFS except for the wiring of chain- 
supported lighting fixtures and supply cords for portable lamps and other 
merchandise being displayed or exhibited. 
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(2) Identification, splices, and terminations . 

TD A conductor of a flexible cord or cable that is used as a grounded conductor 
or an equipment grounding conductor shall be distinguishable from other 
conductors. Types SJ, SJO, SJT, SJTO, S, SO, ST, and STO shall be durably 
marked on the surface with the type designation, size, and number cf con-- 
ductors. 

(ii) Flexible cords shall be used only in continuous lengths without splice or 
tap. Hard service flexible cords No. 12 or larger may be repaired if spliced 
so that the splice retains the insulation, outer sheath properties, and usage 
characteristics of the 'cord being spliced. 

(iii) Flexible cords shall be connected to devices and fittings so that strain relief 
is provided which wiU prevent pull from being directly transmitted to joints 
or terminal screws. ' ^ 

(h) Portable babies over 600 volts,>^om^nal . Multiconductor portable cable for use in 
supplying power to portable or mobile equipment at over 600 volts, nominal, shall 
consist of No. 8 or larger conductors employing flexible stranding. Cables operated 
at over 2000 volts shall be shielded for the purpose of confining the voltage stresses 
to the insulation. Grounding conductors shall be provided. Connectors for these 
cables shall be of a locking type with provisions to prevent their opening or closing 
while energized. Strain relief shall be provided at connection? and terminations. 
Portable cables may not be operated with splices unless the splices are of the per- 
manent mowed, vulcanized,'or other approved type. Termination enclosures shall 
be suitably marked with d^igh voltage hazard warning, and terminations shall be 
accessible only to authorized and qualified personnel. 

(i) Fixture wires. 

(1) GeneralT Tixture wires shall be approved for the voltage, temperature, and 
location of use. A fixture wire which is used as a grounded conductor shall be 
identified. 

(2) Uses permitted . Fixture wires may be used; 

For installation in lighting fixtures and in similar equipment where enclosed 
or protected and not subject to bending or twisting in use; or 
(!i) For connecting lighting fixtures to the branch -circuit conductors supplying 
the fixtures. 

(3) Uses not permitted . Fixture wires may not be used as branch-circuit conductors 
except OS permitted for Class 1 power limited circuits. 

(j) Equipment for general use. 
^ (U Lighting fixtures^ lampholdersj lamps» and receptacles . 

tn Fixtures, lampholders, lamps, rosettes, and receptacles may have no live 
parts normally exposed to employee contact. However, rosettes and cleat- 
type lampholders and receptacles located at least 8 feet above the floor 
may have exposed parts, 
(ii) Handlamps of the portable type supplied through flexible cords 

shall be equipped with a handle of molded composition or other material 
approved for the purpose, and a substantial guard shall be attached to the 
lampholder or the handle. 
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0 (iii) Lamphoiders of the screw-sheU type shall be installed for use as lampholders 

only. Lampholders installed in wet or damp locations shall be of the weather 
proof type. 



• LAMPHOLDERS 

SCREW-SHELLTYPE LAMPHOLDERS MUST BC USED ONLY AS LAMPHOLDERS AND 
MUST NOT BE USED WITH SCREW-BASE SOCKET ADAPTERS. THESE ADAPTERS SCREW 
INTO THE EXISTING LAMP SOCKET AND CONVERT LAMPHOLDERS INTO RECEPTACLES. 
THESE ADAPTERS ARE NOT PERMISSIBLE BECAUSE EQUIPMENT GROUNDING CON- 
NECTIONS CANNOT BE MADE THROUGHTHE TWO-BLADE ADAPTERS AND BECAUSE 
THE FIXTURE HAS BEEN DESIGNED ONLY FOR LIGHTING. ONLY WEATHERPROOF 
LAMPHOLDERS MAY BE INSTALLED IN WET OR DAMP AREAS (SEE FIGURE 53). UNPRO- 
TECTED LAMPHOLDERS MIGHT ALLOWMOlSTURE TO ENTER THE LAMPHOLDER 
SOCKET, CREATING AN ELECTRICAL SHOCK HAZARD. 




FIGURE 53. A COMMERCIALLY AVAILABLE WEATHERPROOF LAMPHOLDER 



(iv) Fixtures Installed in wet or damp locations shall be approved for the purpose 
and shall be so constructed or installed tliat water cannot enter or accumulate 
in wireways, lampholders, or other electrical parts. 
Receptacles, cord connectors, and attachment plugs (caps). 
71) Receptacles, cord connectors, and attachment plugs shall be constructed 
so that no receptacle or cord connector will accept an attachment plug 
with a different voltage or current rating than that for whifth the device 
is intended. However, a 20-amperR T-slot receptacle or cord connector 
may accept a 15-ampere attachment plug of the same voltage rating. 
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• flECEPTACLES, CORD CONNECTORS, AfJb ATTACHMENT PLUGS (CAPS) 

CORD CONNECTORS APE DEVICES THAT JOIN TWO SECTIONS Or ELECTRICAL 
CORD TOGETHER. ATTACHMENT PLUGS ARE DEVICES THAT ARE FASTENED ONTO 
THE END OF A CORD SO THAT E LECTR ICAL CONTACT CAN 8E MADE BETWEEN THE 
CONDUCTORS IN THE CORD ANDTHE CONDUCTORS IN A RECEPTACLE, CONNECTORS/ 
PLUGS, AND RECEPTACLES ARE UNIQUELY DESIGNED FOR DIFFERENT VOLTAGES 
AND CURRENTS, SO THAT ONLY MATCHING PlUGS WILL FIT INTO THE CORRECT 
RECEPTACLE OR CORD CONNECTOR. tN THIS WAY, A PIECE OF EQUIPMENT RATED 
FOR ONE VOLTAGE/CUR RENT COMBINATION CANNOT BE PLUGGED INTO A POWER 
SYSTEM THAT IS OF A DIFFERENT VOLTAGE OR CURRENT CAPACITY. 

THE ONLY EXCEPTIONS TO THIS ARE 125-VOLT AND250-VOLT, 20-AiVtPERE, T-SLOT 
RECEPTACLES. ONE OF THESE IS ILLUSTRATED IN FIGURE 54. A 125-VOLT AND A 



15-AmPere Plug 
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250'Volt 30'Ampere 
Racaptacle and Plug 

6-30R 6-30P 




FIGURE 54, RECEPTACLES AND PLUGS WITH NEMA CONFIGURATIONS 
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250-VOLT, 15-AMPERE PLUG WILL FIT INTO A 20-AMPERE T-SLOT RECEPTACLE OR CON- 
NECTOR OF THE SAME VOLTAGE RATING AS WELL AS IN A 120.VOLT, 15-AMPERE 
GROUNOING TYPE RECEPTACLE 0 R CONNECTOR OF THE SAME VOLTAGE RATING. AN 
ELECTRICAL APPLIANCE THAT IS RATEO FOR 15 AMPERES WILL NOT OVERLOAO A 
20-AMPERE CIRCUIT, ANO THE 20-AMPERE BREAKER WILL S"! iLL PROVtOE OVERCUR- 
RENT PROTECTION FOR 15*AMPERE EQUIPMENT. NOTE THAT THE OPPOSITE IS NOT 
NECESSARILY TRUEANOTHATA 20-AMPERE PLUG WILL NOT FIT INTO A 15-AMPERE 
RECEPTACLE OR CORD CONNECTOR. 

THE NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA) HAS 
STANOARO PLUG AND RECEPTACLE CONNECTOR BLAOE CONFIGURATION. EACH HAS 
BEEN OEVELOPEO TO STANOAROtZE THE USE OF PLUGS ANO RECEPTACLES FOR 
DIFFERENT VOLTAGES, AMPERAGES, ANO PHASES FROM 115 VOLTS THROUGH 600, ' 
FROM 15 AMPERES THROUGH 60, AND FOR SINGLE- ANO THREE-PHASE SYSTEMS. 



(ii) A receptacle installed in a wet or damp location shall be suitable 
for the location. 
(3) A ppliances . 

• (i) Appliances, other than those in which the current-carrying parts at high 
temperatures are necessarily exposed, may have no live parts normally 
exposed to employee contact. 



• APmANCES 

ELECTRICAL APPLIANCES SUCH AS PORTABLE AIR CONDITIONING UNITS, COFFEE- 
MAKERS, ANO FANS MUST NOT HAVE ANY EXPOSED LIVE WIRES OR ELECTRICAL 
PARTS THAT MIGHT CREATE AN ELECTRICAL SHOCK HAZARD. 

EXCEPTIONS TO THIS ARE APPLIANCES SUCH AS HEATERS OR TOASTERS THAT 
MUST HAVE bXPOSED CURRENT-CARRYlNG PARTS THAT OPERATE AT HIGH TEMP- 
ERATURES TO TRANSFER HEAT (SEE FIGURE 55). THE HEAT GENERATED BY THESE 
PARTS MINIMIZES THE POSSIBILITY OF DIRECT CONTACT ANO RESULTANT ELECTRIC 
SHOCK. 
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Energiwd Heating Elements tnside the Heater Are Guarded 



* 4 

FIGURE 55. ELECTRIC SPACE HEATER 
WITH ELEMENTS EXPOSED ' 



• (ii) A means shall be provided to disconnect_eapli,appliance. 



• APPLIANCE DISCONNECTING MEANS 

A DISCONNECTING MEANS IS A SWITCH OR PLUG THAT CAN OPEN AN ELECTRIC 
CIRCUIT UNDER LOAD AND SAFELY STOP THE FLOW OF CURRENT. ALL APPLIANCES 
MUST HAVE A DISCONNECTING MEANS. IN SOME CASES, THE DISCONNECTING MEANS 
MAY 8E A UNIT SWITCH OR AN ATTACHMENT PLUG. ON PERMANENTLY CONNECTED 
APPLIANCES THAT OPERATE AT LESS THAN 300 VOLT-AMPERES, THE BRANCH CIRCUIT 
OVERCURRENT DEVICE (CIRCUIT BREAKER OR FUSE) MAY BE USED AS THE DISCON- 
NECTING MEANS. 



(iii) Each appliance shall be marked with its rating in volts and amperes or volts 
and watts. 

(4) Motors. This paragraph applies to motors, motor circuits, and controllers, 
(i) In s%ht from . If specified that one piece of equipment shall be "in 

sight fro m '* another piece of equipment, one shall be visible and not more 
than 50 feet from the other. 
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(ii) Piseonnecting means . 

(aj A disconnecting means shall be located in sight from the controller 
~ location. However, a single disconnecting means may be located 
adjacent to a group of coordinated controllers mounted adjacent 
to each other on a multi-motor continuous process machine. The 
controller disconnecting means for motor branch circuits over 600 
volts, nominal, may be out of s^ht of the controller, if the controller 
is marked with a warning label giving the location and identification 
of the disconnecting means wh|ch is to be locked In the open 'position. 



• MOTOR DISCONNECTING MEANS . 

A MpTOFteONTROLLER IS A DEVICE, SUCH AS A SWITCH OR CIRCUIT BREAKER, 
THAT CONTROLS PpWER TO A MOTOR. THE CONTROLLER TURNS THE POWER OFF 
AND ON AND LIMITS THE CURREN,' FLOW. A DISCONNECtiNG MEANS FOR THE 
CONTROLLER MUST BE WITHIW SIGHT F ROM THE CONTROLLER (I.E., VISIBLE FROM 
THE CONTROLLER AND LOCATED WITHIN,50 FEET OF THE CONTROLLER) (SEE FIGURE 
56). IF A Group OF CONTROLLERS ARE LOCATED TOGETHER AND ARE USED TO 
'CONTROL POWER TO MORE THAN ONE MOTOR ON A SINGLE CONTINUOUS PROCESS 
MACHINE, A SINGLE DISCONNECT SWITCH, LOCATED WITH THE CONTROLLE RS, CAN 
BE USED.. IT SHOULD BE NOTED THAT IT IS POSSIBLE FOR A SWITCH OR CIRCUIT 
BREAKER TO SERVE AS BOTH A CONTROLLER AND A DISCONNECT. THIS DEPENDS 
ON WHERE'THE SWITCH IS LOCATED AND THE RATING OF BOTH THE MOTOR AND THE 
SWITCH. DkTAtLED^PECIFICATIONSDN MOTOR DISCONNECTING MEANS ARE GIVEN 
IN ARTICLE 430 >jF THE NEC. 



Source 




Disconnect and controtle'' 
visible and'no 
50 feet away. 




Motor " 

FIGURE 56. MOTOR DISCONNECTING MEANS 
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FOR LARGER CAPACITY MOTORS OPERATrNG AT VOLTAGES GREATER THAN 600 
VOLTS, THE DISCONNECT CAn 8E OUT OF SIGHT OF THE CONTROLLER I F THE 
CONTROLLER AND THE DISCONNECT ARE LABELED. WARNING LABELS ON THE CON- 
TROLLER SHOULD INDICATE WHERE THE DISCONNECT IS LOCATED AND THAT IT IS 
TO BE LOCKED OUT FOR MAINTENANCE. THE DISCONNECT MUST BE LABEL'ED WITH 
IDENTIFICATION SUCH AS A NUMBER TO ENSURE THAT THE COR RECT DISCONNECT 
IS OPENED OR DE-ENERGIZED. SEE FIGURE 57. 



Disconnect for machina "B'' i» located 
in downstairs control room. When used 
for maintenarice purposes/ it mtist.be 
locked out. 




Dis connect 
for Machina C 



FLGUR£57. LABELING REQUIRED WHEN DISCONNECTS ARE OUT OF SIGHT 



(b) The disconnecting means shall disconnect the motor and the con- 
troller from all ungrounded supply conductors and shall be so designed 
that no pole can be operated independently. 

(c) If a motor and the driven machinery are not in sight from the controller 
location, the installation shall comply with one of the following con- 
ditions: 

(1) The controller disconnecting means shall be capable of being 
locked in the open position. 

(2) A manually operable swUoh that will disconnect the motor from 
its source of supply shall be placed in sight from the motor 
location. 
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• MOTOR AND DRIVEN MACHINERY NOT WITHIN SIGHT OF CONTROLLER ^. 

USUALLY, A MOTOR AND THE EQUIPMENT IT DRIVES SHOULD BE WITHIN SIGHf^QF 
THE CONTROLLER. IF THEY ARE NOT WITHIN SIGHT OF THE CONTROLLER, ONE OF 
TWO CONDITIONS MUST BE MET: (1) THE CONTROLLER DISCONNECT MUST BE 
DESIGNED SO THAT IT CAN BE LOCKED IN THE OPEN, OR DE-ENERGIZED, POSITION TO 
PROTECT PERSONS WORKING OMTHE MOTOR OR EQUIPMENT ISEE FIGURE 58), 
OR (2) ASWITCH.THATCAN BE MANUALLY-lNOT MAGNETICALLY) OPERATED MUST 
BE LOCATED WITHIN 50 FEET OF, AND MUST BE VISIBLE FROM, THE MOTOR (SEE 
FIGURE 59). 



Source 




Motor 



FIGURE 58. LOCKING CONTROLLER DISCONNECTING MEANS 
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Motor Motor not visible from the , 

controller or beyond 50 feet 

FIGURE 69. MANUALLY0PERA8LE SWITCH WITHIN SIGHT 



(d) The disconnecting means sh^U plainly indicate whether it is in the 
open (off) or closed (on) position. 

(e) The disconnecting means shall be readily accessible. If more than 
one disconnect is provided for the same equipment, only one need 
be readily accessible, 

(0 An individual disconnect! nig means shall be provided for each motor, 
but a single disconnectfng means may be used for a group of motors 
under any one of the following conditions; 

(1) If a number of motors drive special parts of a single machine 

or piece of apparatus, such as a metal or woodworking machine, 
crane, or hoist; 

(2) If a group of motors is under ihe protection of one set of 
branch-circuit protective devices; or 

(3) If a group of motors is in a single room in sight from the location 
of the disconnecting means. 

(lit) iMotor overload, short-circuit^ and grojnd-fault protection . MotorSj motor- 
control apparatus, and motor branch-circuit conductors shall be protected 
against overheating due to motor overloads or failure to start, and against 
short-circuits or ground faults. These provisions shall not require overload 
protection that will stop a motor where a shutdown is likely to introduce 
additional or increased hazards, as in the case of fire pumps, or where con- 
tinued operation of a motor is necessary for a safe shutdown of equipment 
or process and motor overload sensing devices are connected to a supervised 
algrm. 
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• MOTOR OVERLOAD, SHORT-CI RCUIT, AND GROUND-FAULT PROTECTION 

ALL MOTORS, MOTOR CONTROLLERS, AND CONDUCTORS THAT FEEDVOTORS 
MUST BE PROTECTED FROM OVERCURRENT. FOR EXAMPLE, DAMAGE MIGHT OCCUR 
WHEN OVERHEATING RESULTS FROM AN OVERLOAD (EXCESSIVE CURRENT FLOW) 
OR FROM THE FAILURE OF THE MOTOR TO START. DAMAGE AND HAZARDS MIGHT 
ALSO RESULT FROM SHORT-CIRCUITS AND GROUND FAULTS. FIGURE 60 ILLUS- 

a 

TRATES METHODS OF MOTOR PROTECTION. 



yft^ 

Overload is ^ 
Overheating 




Overload relays, thermal devices, and 
dual element fuses protect against overloads 
\ and failure to start. They are usually located 
\\^\ inside th© motor or controller. 




Circuit breakers or fuses protect 
against short circuits that create 
excessive overcurrent conditions. 




Equipment grounding conductors 
in conjunctinr, with circuit breakers 
or fuses protect against ground faults. 



FIGURE 60. MOTOR PROTECTION METHODS 

HOWEVER, PROTECTION TO SHUT DOWN THE MOTOR IS NOT REQUIRED IF IT 
WOULD PRODUCE A MORE HAZARDOUS SITUATION, AN EXAMPLE IS A FIRE PUMP 
THAT IF OVERHEATED AND SHUT DOWN IS OF NO HELP IN FIGHTING A FIRF THAT 
MIGHT DESTROY A LARGE BUILDING OR OTHER VALUABLE PROPERTY, THE DAMAGE 
TO THE MOTOR, CONTROLLE R, OR CONDUCTORS AND ANY HAZ/f^DS THAT MiGHT 
RESULT ARE INSIGNI FICANT WHEN COMPARED TO THE RESULTS OF SHUTTING OFF 
THE POWER TO THIS TYPE OF EQUIPMENT, 

IN SITUATIONS WHERE A MOTOR DOES NOT HAVE OVERLOAD PROTECTION, IT 
MUST BE DESIGNED SO THAT AN AUTOMATIC SENSING DEVICE WITHIN THE MOTOR 
WILL TRIGGER AN ALARM. THIS ALARM IS USUALLY LOCATED IN A CONTROL 
LOCATION AriD MUST BE MONITORED. 
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iiv) Protection of live parts— all voltages . 

Stationary raotors having commutators, coIlect.ors, and brush rising 
, located inside of motor end brackets and not conductively connected 
to supply circuits operating at more than 150 volts to ground need 
not have such parts guarded. 



• PROTECTION OF LtVE PARTS, ALL VOlTAGES 

MOTORS THAT ARE FIXED IN PLACE NEED NOT HAVE THEIR INTERNAL LIVE 
PARTS GUARDED IF THEY MEET THE FOLLOWING TWO CONDITIONS; (1) IF THE COM- 
MUTATORS (CONDUCTING MEMBERS, ;NSULATED FROM ONE ANOTHER, AGAINST 
WHICH THE BRUSHES BEAR), THE BRUSH RIGGINGS (PARTS VVHICH SUPPORT AND 
POSITION THE BRUSHES), AND THE COLLECTORS iMETAL RINGS WHICH, THROUGH 
CONTACT WITH THE BRUSHES, CONDUCTS CURRENT INTO OR OUT 0= MACHINES) 
ARE ALL LOCATED INSIDE THE MOTOR END BRACKETS, AND (2) IF THE COMMU- 
TATORS, BRUSH RIGGINGS, AND COLLECTORS ARE NOT IN ELECTRICAL CONTACT 
WITH ANY SUPPLY CIRCUIT THAT OPERATES AT MORE THAN 150V0pS TO GROUND 
ISEE FIGURE 61). 
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Motors having commutators, colloctors, and 
brushes housed within the motor do not re^ 
quire guarding unless there are exposed rotat 
ing parts, or there ts efectrical contact with 
voltage in supply circuits ope-/attng at ovar 
150 volts to ground. 



FIGURE 61. UNGUARDED COMMUTATORS, COLLECTORS, 
AND BRUSHES HOUSED WITHIN MOTOR 



Exposed live parts of motors^ and controj^^ers operating at 50 volts 
or more between terminals shall be guarded against accidental 
contact by any of the foUowing:^ 

(1) By installation in a^room or enclosure that is accessible only to 
qualified persons; 

(2) By installation on a suitable balcony,>gallery?or platform, so 
elevated and arranged as to exclude unqualified persons; or 

(3) By elevation 8 feet or more above the floor. 

(b) Where live parts of motors or controllers operating at over 150 
volts to ground are guarded against accidental contact only by lo- 
cation, and where adjustmenjt or other attendance may be necessary 
during the operation of the apparatus, suitable insulating mats or 
platforms shall be provided so th&t the attendant cannot readily touch 
live parts unless standing on the mats or platforms. 
(5) Transformers. ' ^ *f ^ 

TH The following paragraphs cover^ the installation of all transformers except 
the following: * ^ 

(a) Current transformers; 

(b) 0ry-type transformers installed as a c^/lllt/Cnent part of other 
apparatus; 

4 . (c) Transformers which are an integral part of an X-ray, hign 

frequency, or electrostatic -coating apparatus; 
• (d) Transformers used witlr Class 2 and Class 3 circuits, sign and 

outline lighting, electrics discharge lighting, and power-limited fjre- 
protective signaling circuits; and ^ 



• TRANSFORMERS EXCLUDED FROM THE STANDARD 

THE REQUIREMENTSrOF THE STANDARD FOR TRANSFORMERS APPLY TO MOST 
TRANSFORMERS. EXCEPTIONS INCLUDE TRANSFORMERS USED WfTH: (1) CLASS 2 
AND CLASS 3 POWER-LIMITED, SIGNALING OR REMOTE-CONTROL CIRCUITS, WHICH 
HAVE CURRENT LIMITED 8Y THE SUPPLY TRANSFORMER SO tHAT ONLY RELATIVE- 
LY SMALL CURRENTS WILL FLOW - THESE CIRCUITS ARE USED WHEN THE CURRENT 

AND VOLTAGE.aEQUIpE^AREJlOT MGK^ FOR NORMAL 

llGHT AND POWER SYSTEMS, AS WITH A DOORBELL OR AN OILBURNER THERMOSTAT 
CONTROL CIRCUIT (SEE FIGURE 62); (2) SIGN AND OUTLINE LIGHTING, SUCH AS NEON. 

LIGHTING; (3) ELECTRIC DISCHARGE LIGHTING, SUCH AS FLUORESCENT LAMPS; 
(4) POWER-LIMITED, FIRE-PROTECTIVE SIGNALING CIRCUITS, WHICH HAVE LOW VOLT- 
AGE AND CURRENT NEEDS, SUCH AS SMOKE DETECTORS THAT ARE TIED INTO AN 
ALARM STATION IN A BUILDING {SEE FIGURE 63), 



102 



Power to * Power to 
OihBurner Burner 

Pump Ignition Thermostat 




Supply 



FIGURE 62. TYPICAL CLASS 2 CIRCUIT 
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lExtingu isher 
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Transformer Inside control 
unit IS not covered by this 
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FIGURE 63. TYPICAL POWER-LIMITED, FIRE^PROTECTtVE 
SIGNALING CIRCUIT 
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(e) Liquid-filled or dry-type trans^rmers used for research, develc^)- 
ment, or testing, where effective safeguard arrangements are pro- 
vided. 

(ii) The operating voltage of exposed live parts of transformer installations 
shall be indicated by warning signs or visible markings on the equipment 
or structure. 

(iii) Dry-type, h^h fire point liquid-insulated, and askarel-insulated transformers 
installed'indoors and rated over 35kV shall be in a vault. 

(iv) If they present a fire hazard to employees, oiHnsulated transformers 
installed indoors shall be in a vault. 

(v) Combustible material, combustible buildings and parts of buildings, fire 
escapes, and door and window openii^ shall be safeguarded from 
fires which may originate in oil-insulated transformers attached to or 
adjacent to a building or combustible material. 



• TRANSFORMERS 

TRANSFORMERS THAT USE OIL AS AN INSULATOR ARE SUBJECT TO FIRES ' 
BECAUSE OF THE COMBUSTIBLE NATURE OF OIL AND THE HEAT-GENERATING 
NATURE OF ELECTRICAL EQUIPMENT. THEREFCfRE, IF AN OIL-INSULATED TRANS- 
FORMER IS INSTALLED OUTDOORS N^XT TO OR ATTACHED TO A BUILDING OR SOME 
OTHERTYPE OF COMBUSTIBLE MATERIAL, THE TRANSFORMER MUST BE LOCATED 
OR OTHERWISE PROTECTED SO THAT THE FIRE >^AZARD THAT ALREADY EXISTS IS , 
NOT INCREASED. FIRE ESCAPES, WINDOWS, AND DOORS, AS WELL AS COMBUSTIBLE 
MATERIALS AND THE BUILDIN^IIF PART OR ALL OF IT IS CONSTRUCTED OF COM- 
BUSTIBLE MATERIALS), MUST ALSO BE PROTECTED FROM THE POTENTIAL FIRE 
HAZARD. PROTECTION CAN BE ACHIEVED BY LOCATINCS THE TRANSFORMER AWAY 
FROM THE BUILDING (SPACE SEPARATION); CONSTRUCTING F)flE-RESISTANT 
BARRIERS SUCH AS COISICRETE BLOCK WALLS BETWEEN THE TRANSFORMER AND THE 
BUILDING; OR INSTALLING A SPECIALIZED AUTOMATIC SPRINKLER SYSTEM THAT 
WILL PROVIDE A WATER SPRAY TO CONTROL AN OIL FIRE. IN ADDITION TO ANY OF 
THESE METHODS, A DIKE.OR CURB SHOULD BE INSTALLED AROUND THE TRANS- 
FORMER SO THAT AN OIL FIRE WOULD BE CONTAINED IN ONE AREA AND COULD NOT 
SPREAD TO THE BUILDING. FIGURE 64 ILLUSTRATES TWO OF THESE SAFEGUARDING 
METHODS. 
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Stank block wall 
offers protection 




Dike around transformer 
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FIGURE 64. EXAMPLES OF SAFEGUARDING METHODS FOR TRANSFORMERS 



(vi) Traasformer vaults shall be constructed so as to coataia fire aad combustible 
liquids withia the vault aad to prevent unauthorized access. Locks aad 

, latches shall be so arranged that a vault door caa be readily opened from 
the-iaside. — ' - ^ — - - 

(vii) Aay pipe or duct system foreign to the vauU iastallatioa may aot eater or 
pass through a traasformer vault- 

(viii) Materials may aot be stored ia traasformer vaults. 



9^- 88 105 



ERIC 



1910.3(^(j)[7) 



(6) Capacitors. 

Ti) All capacitors, except surge capacitors or capacitors included as a com- 
ponent part of other apparatus^ shall be provided with an automatic means 
. of draining the stored charge after the capacitor is disconnected from its 
source of supply. ■ . ' 



• capacitors 

capacitorsstoreelectricalchargean'dcan be a source of severe 
shock unless that charge is drained when th e capacitors are. disconnect- 
^0 from the power source. unless some type of automatic discharge is 
designed into a system, devices such as resistors must be permanently 
attached across th^ terminals of the capacitors to drain the cha-^ge 
when the ci,rcuit isfopen (de-energized). most capacitors are manufactur- 
ed with this type of discharge resistor already built in. surge capaci- 
tors, which act like lightning rods, do not require an automatic means 
for draining the charge. 



(iO ' Capacitors rated over 600 volts, nominal, shall comply with the following 
additional requirements: 

(a) Isolating or disconnecting switches (with no interrupting rating) 
shall be interlocked with the load interrupting device or shall b6 
provided with prominently displayed caution signs to prevent switch- . 
it^ load current. ^ 

(b) For series capacitors (see §1910. 302(b)(3)), the proper switchit^ shall , 
be assured by use of at least one of the- following; 

(1) Mechanically seqi»enced isolatit^ and bypass switches, 

(2) Interlocks, or - 

(S) Switchit^ procedure prominently displayed at the switching 
location. 

(7) Storage batteries . Provisions shall be made for sufficient diffusion and ventilation 
of ^ases from storage batteries to prevent the accumulation of explosive mixtures. 



• STORAGE BATTERIES 

STORAGE BATTERIES, WHICH ARE USUALLY LEAD-ACID OR ALKALI, PRODUCE 
EXPLOSIVE GASES, INCLUDING HYDROGEN, IF THEY ARE OVERCHARGED. THESE EX- 
PLOSIVE GASES MUST NOT ACCUMULATE IN QUANTITIES THAT MAY FORM AN EX- 
PLOSIVE MIXTURE WITH AIR. A SPARK OR OPEN FLAME COULD IGNITE THE MIXTURE 
AND CAUSE AN EXPLOSION. GOOD VENTILATION MUSX BE PROVIDED TO PREVENT 
THIS ACCUMULATION. 
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§1910.306 Speeiflc purpose equipment and installations . , . 

(a) Eleetric signs and outline'liphting . 

U) Disgon neeting mean5> . Signs operated by electronic or electromecln^pical controllers 
located outside the sign shall have a disconnecting means located inside the con- 
troller e?iclosure or within sight of the controller location, and it shall be capable 
of being locked in the open position. Such disconnecting means shall have no pole 
that can be operated independently, and it shall open all ungrounded conductors 
■ that supply the controller and sign. All other signs, except the portable type, 
and all outline lighting installations shall have an externally operable disconnecting 
^Iffeans which can open all ungrounded conductors and is within the sight of the 
sign or outline lighting it controls. 

(2) Doors or covers giving access to uninsulated parts of indoor signs or outline lighting 
e}j:ceeding 600 volts and accessible to other than qualified persons^shall either 
be provided with interlock switches to disconnect the primary circuit or shall 
be so fastened that the use of other thah ordinary tools will be necessary to open 
them. 

(b) Cranes and hoists . This paragraph applies to the installation of electric equiprrient 
and wiring used in connection With cranes, monorail hoists, hoists, and all runways. 
(iX Oisconnecting means . 

Ti) A readily accessible disconnecting means shall be provided between the 
"runway contact conductors and the power supply. 
Q (ii) Another disconnecting means, capable of being locked in the open position, 
shall be provided in the leiads from the runway contact conductors or other 
power supply on any crane or monorail hoist. ^ 




• DISCONNECT SWITCHES ARE REQUIRED ON CRANES AND HOISTS TO ALLOW MAIN- 
TENANCE AND SERVICING OPERATIONS TO BE PERFORMED SAFELY, THERE ARE TWO 
KEY LOCATIONS IN A CRANE OR HOfST CIRCUIT WHERE A DISCONNECT IS REQU/RED. 
THE FIRST - SEE NOTE A, FIGURE 65 - IS LOCATED BETWEEN THE POWER SUPPLY 
AND THE RAILWAY OR TROLLEY CONTACT CONDUCTORS. THE SECOND - SEE NOTE B, 
FIGURE 65 - IS IN THE LEADS BETWEEN THE TROLLEY CONTACT CONDUCTORS AND 
THE HOIST MACHINERY, THIS SECOND DISCONNECT MUST BE CAPABLE OF BEING 
LOCKED OUT, THAT ]S LOCK ED IN THE OPEN OR OF^POSIT/ON, TO AVOID A SAFETY 
HAZARD TO WORKERS WHO AR^SERVICING THE HOIST^CHINERY AND MAY NOT 
BE VISIBLE FROM THE POWER SUPPLY DISCONNECT. 
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Note B. Disconnect in leads between jhis disconnect must have 
the tfofEey circuit and hoist lockout capability 
machinery circuit / Hoist Machinery 



Work Platform 




Supply 



' iNote A. Discojnnect located between 
. the supply and the railway 
Of trolley coriiluctors 



Railway or Trolley Conductors 



An additional control switch or a remote control switch is necessary 
if the second disconnecting means (B) is not accessible to the operator. 



FIGURE 65. LOCATION OF DISCON^JEOT FOR GANTRY CRANE 



<a) If this additional disconnecting means is riot readily accessible from 
the crane or monorail hoist operating station, means shall be provided 
at the operating station to open the power circuit to motors of 
the crane or monorail hoist. ' 

<b) The additional disconnect may be omitted if a monorail hoist or 
hand-propeUed crane bridge installation meets all of the following; 

(1) The unit is floor controlled; 

(2) The ^i.it is within vie^' cnf> r,^^:ev supply disconnecting means; 
ana 

(3) No fixed work platfoi^m has been providr.i :or servicing the unit. 
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• THERE ARE THREE CONDITIONS THAT MUST BE MET BEFORE THE DISCONNECT 
SWITCH IN THE LEADS BETWEEN THE RAILWAY CONDUCTORS AND THE HOIST 
MACHINERY CAN BE OMITTED. THIS EXCEPTION ONLY APPLIES TO HAND-PROPELLED 
GRANE'BRlbGE INSTALLATIONS AND MONORAIL HOISTS, AND ALL THREE OF THE 
FOLLOWING CONDITIONS MUST BE MET: (1) THE UNIT MUST BE FLOOR CONTROLLED, 
(2) THE HOISTING MACHINERY UNIT MUST BE WITHIN VIEW OF THE POWER SUPPLY 
DISCONNECTING MEANS, AND (3) NO FIXED WORK PLATFORM CAN BE INSTALLED ON 
THE MONORAIL HOIST OR HAND-PftOP^LLED BRIDGE CRANE. FIGURE 66 ILLUS- 
TRATES A MONORAIL HOIST THAT MEETS THESE THREE CONDITIONS AND MAY 
'operate WITH ONLY ONE DISCONNECT SWITCH LOCATED IN THE POWER SUPPLY 
CONDUCTOR. ' ' 



Supply 




of Controller 

Second cfisconnect not required. A monorail hotst does 
not require a disconnecting means in the leads to the 
hoist machinery if iX is controlled from the floor, jf it . 
is within view of the power supply disconnect, and if 
there is no work platform provided to service the 
hoist machinery. 



FIGURE 66. SECOND DISCONNECT NOT REQUIRED 



(2) Control. A limit switch cr other device shall be provided to prevent the load block 
from passing the safe upper limit of travel of any hoisting mechanism. 

(3) Clearajice . The dimension of the working space in the direction of access to live 
parts which n\^y require examination, adjustment, servicing, or maintenance while 
alive shall be a minimum of 2 feet 6 inches. Where controls are enclosed in cabi- 
nets, the dooKs) shall either open at least 90 degrees or be removable. 

Elevators, dumbwaiters^ escalators^ and moving walks . ^ 

(1) Disconnecting means . Elevators, dumbwaiters, escalators, and moving walks shall ^ 
have a single means for disconnecting all ungrounded main power supply conductors 
for each unit. 

(2) Warning signs . If interconnections between control panels are necessary for 
operation of the system on a multicar installation that remains energi^ jd from 
a source other than the disconnecting means, a warning sign shall be mounted 
on or adjacent to the disconnecting means. The sigri shall be clearly legible and 
shall read ''Warning— Parts of the control panel are not de-energized by this 
switch." (See a910.302(b)(3).) 



• EACH ELEVATOR, DUMBWAITER, ESCALATOR, OR MOVING WALK IS REQUIRED TO 
HAVE A SINGLE DISCONNECTING SWITCH TO SHUT OFF POWER TO EACH UNIT, SOME 
INSTALLATIONS MAY HAVE (NTERCONN^CTED CONTROL PANELS WHICH WILL RE- 
MAIN ENERGIZED EVEN IF THE APPROPRIATE DISCONNECT SWITCH IS MOVED TO THE 
OPEN OR OFF POSITION. A COMMON EXAMPLE IS WHERE ELEVATOR CONTROL PANELS 
IN A HIGH RISE OFFICE BUILDING ARE INTERCONNECTED TO COORDINaIe RESPON- 
SES BETWEEN THE UPPER AND LOWER FLOORS. IF A DISCONNECT IS SHUT OFF FOR 
ONE UNIT, INTERCONNECTED cor rtOL CIRCUITS MAY STILL BE ENERGIZED. WHEN 
THIS ISTHS CASE FOR INSTALLATIONS MADE AFTER APRIL 16, 1981, A WARN^flG SIGN 
IS REQUIRED, STATING THAT A HAZARD STILL EXISTS. SEE FIGURE 67, 
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Control panels are interconnect ac}i 
thus Parts of a panel wiJI remain 
ener<ji2ecl even if disconnect ts open 




WARNING " PARTS Oi- 
THECONTROL PANEL 
AReNOTO£-ENERG(ZEO 
BY THIS SWITCH. 



Supply 



Elevator tUfotor Room 



Even if disconnect iC open or 
moved to the off position, the 
service technician is stIJJ 
exposed to the ha^rd of Jive 
paits. A warning must be posted 
by each switch. 



FIGURE 67. INTERCONNECTED CONTROL PANELS 



(3) Control Panels . If control panels are not located in the same space as the drive 
machine, they shall be locat^i in cabinets with doors or panels capable of being 
locked closed, 
(d) Electric welders— disconnecting means . 

(1) A disconnecting means shall be provided in th^ supply circuit for each motor- 
generator arc welder, and for each AC transformer and DC rectifier are welder 
which is not equipped with a disconnect mounted as an integral part of the 
welder. 

(2) A switch or circuit breaker shall be provided by which each resistance welder 
and its control equipment can be isolated from the supply circuit. The ampere 
rating of this discc.anecting means may not be less than the supply conductor 
ampacity. 
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• (e) Data grocessing systems— disGonnec ting means . A disconnecting means shall be 
provided to disconnect the power to aU electronic equipment in data processing or 
computer rooms. This disconnecting means shall be controlled from locations 
readily accessible to the operator at the principal exit doors. There shall also be 
a similar disconnecting means to disconnect the air conditioning system serving this 
area. 



» ELECTRICAL FIRES ARE COMMON TYPES OF FIRES THAT OCCUR IN COMPUTER 
ROOMS. THIS CREATES A NEED TO PROVIDE POSITIVE CONTROL OVER TWO KEY 
POWER SYSTEMS IN AN EMERGENCY. THESE ARE THE POWER SUPPLY SYSTEMS TO 
THE COMPUTER EQUIPMENT AND THE VENTILATION SYSTEM FOR THE COMPUTER 
ROOM. SHOULD AN EMERGENCY OCCUR, SHUTTING DOWN THE POWER SUPPLY TO THE 
COMPUTER, R ELATED EQUIPMENT, AND ELECTRONIC SYSTEM WIRING UNDER THE 
RAISED FLOORS WILL ELir.ilNATE A SOURCE OF IGNITION THAT MAY PROPAGATE A 
FIRE. THE VENTILATION SYSTEM MAY CONTRIBUTE TO THE SPREAD OF THE FIRE 8Y 
FANNING IT OR BY RAPIDLY SPREADING SMOKE THROUGH THIS AREA. LOCATING 
DISCONNECT SWITCHES NEAR THE EXIT DOOR PERMITS THESE SYSTEMS TO BE SHU'f 
DOWN EASILY WHILE THE FACILITY IS BEING EVACUATED. THESE SWITCHES MUST BE 
READILY ACCt&SIBLE TO THE OPERATOR AND NOT BLOCKED BY EQUIPMENT OR A 
DOOR. LIGHTING SYSTEMS MUST REMAIN SEPARATE TO AID EVACUATION AND 
EMERGENCY OPERATIONS tSEE FIGURE 68), FIGURE 69 SHOWS THE OPERATION OF A 
DISCONNECT FOR ELECTRONIC EQUIPMENT IN A DATA PROCESSING ROOM. 
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A disc6nnect switch is required Ventilation system 




Raised floor in 
computer room 
Is also ventilated 
by room ventilation 
system 

FIGURE 6a LOCATION OF DISCONNECT IN DATA 
PROCESSING CENTER 



Electrically Operated Disconnect Switch 




Source For Electric 

\^ Disconnect 

Relay Controffed Switches 



An electrfcalJy operated disconnect swtlch ts commonly used in this applfcaHon. This type of switch serves as a 
remote control switch that operates a relay to open the power supply conditctors :o the computer equipment. 



Data systom mtorconnocting 
wiring undor floor muet 
also bo controlled by awltch 
near door* Burning insulation 
may produce deadly gases. 




FIGURE 69. TYPICAL OPERATION OF DISCONNECTING MEANS 
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(f) X-Ray equipment . This paragraph applies to X-ray equipment for other than medical 
or dental use. 

(1) Disconneoting. means . 

H) A disconnecting means shall be provided in the supply circuit. The dis- 
connecting means sh<..i be operable from a location readily accessible from 
the X-ray control. For equipment connected to a 120'*volt branch circuit 
of 30 amperes or less^ a grounding-type attachment plug cap and receptacle 
of proper rating may serve as a disconnecting means, 
(ii) If more than one piece of equipment is operated from the same high-voltage 
circuity each piece or each group of equipment as a unit shall be provided 
with a high-voltage switch or equivalent disconnecting means. This dis- 
connecting means shall be constructed^ enclosed^ or located so as to avoid 
contact by employees with its live parts. 

(2) Control . 

• Radiographic and fluoroscopic types . Radiographic and fluoroseopic-type 

equipment shall be effectively enclosed or shall have interlocks that de- 
energize the equipment automatically to prevent ready access to live 
current-carrying parts. ^ 



• RADIOGRAPHIC (X-RAY) AND FLUOROSCOPIC EQUIPMENT OPERATE AT HIGH 
ENERGY LEVELS AND H IGH VOLTAGES THAT PRESENT A SERIOUS HAZARD IF A 
SERVICE TECHNICIAN WERE TO OPEN ACCESS PANELS WHILE THE EQUIPMENT IS 
ENERGJ2ED. TO PREVENT EXPOSURE TOTHIS HAZARD, RADIOGRAPHIC AND 
FLUOROSCOPIC TYPE X RAY EQUIf^MENT MUST BE LOCATED fN METAL ENCLOSURES^ 
CONSTRUCTED TO PREVENT ACCESS BY UNQUALIFIED PERSONS. SHOULD ACCESS BE 
REQUIRED (E.G., TO MAKE AN ADJUSTMENT) THEN THE ACCESS PANEL OR DOOR 
MUST BE EQUIPPED WITH INTER LOCKS THAT Wl LL SHUT OFF POWER TO LIVE 
EQUIPMENT INSIDE WHEN THE DOOR IS OPEN (SEE FIGURE 70). 
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Transformer 



. Relay 
Coil 



Relay 
Control' 



Interlock Switch 




Transformer 



Interlock Switch 



A. Power is supplied through a 
relay control that is connected 
to an interlock circuit. 



6. When the panel door opens e spring- 
loeded switch operetes e reley 
coil that opens the power supply 
conductors and cfe*energizes the 
equipment Inside the enclosure. 



FIGURE 7a INTERLOCKS 



(ii) Diffraction and irradiation types . Diffraction^ and irradiation-type 

equipment shall oe provided with k means to indicate when it is energized 
unless the equi[iment or installation is effectively enclosed or is provided 
with interlocks to prevent access to live current-carrying parts during 
operation. 

(g) Induction and dielectric healing equipment . 

(l) Sbope. Paragraphs (g)(2) and (g)(3) jgf this section cover induction and dielectric 
heating equipment and accessories for industrial ^nd scientific applications, but 
not for medical or dental applications or for appliances. 
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(2) Guarding ^.id grounding . 

Ti5 Enelosures . The eon verting apparatus (including the DC line) and high- 

frequency electric circuits (excluding the output circuits and remote^ontro! 
. circuits) shall be completely contained within enclosures of nonco TiBustible 
material. 

, (ii) Panel controls . All panel controls shall be of dead-front construction. 



• INDUCTION HEmTING EQUIPMENT USES HIGH FREQUENCY ALTERNATING CUR- 
RENTS. CONTROL PANELS FOR INDUCTION AND DIELECTRIC HEATING EQUIPMENT 
ARE REQUIRED TO BE OF DEAD-FRONT CONSTRUCTION; THAT IS, CONSTRUCTED SO 
THAI THERE ARE NO LIVE PARTS EXPOSEDON THE OPERATING SJDE OF THE EQUIP- 
MENT. ALL CONNECTIONS AND TERMINATIONS MUST BE BEHIND THE FRONT PANEL 



Oil) Access tp internal equipment . Where doors are used for access to voltages 
from 500 lo lOOO volts AC or DC, either door locks or interlocks shall be 
provided. Where door^ are used for access to voltages of over lOOO volts 
AC or DC, either mechanical lockouts with a disconnecting means to prevent 
access until voltage is removed from the cubicle, or both door interlocking 
and mechanical door locks, shall be provided. 

(iv) Warning labels . "Danger" labels shall be attached on the equipment and 
shall be plainly visible even when doors are open or panels are removed 
from compartments containing voltages of over 250 volts AC or DC. 

(v) Work applicator shielding . Protective cages or adequate shielding shall 
be used to guard work applicators other than induction heating coils. 
Induction heating coils shall be protected by insulation and/or refractory 

^ materials. Interlock switches shall be used on all hinged access doors, 

sliding panels, or other such means of access to the applicator. Inter- 
lock switches shall be connected in such a manner as to remave all power 
from the applicator when any one of the access doors or panels is open. 
Interlocks on access doors or panels are not required if the applicator is 
an induction heating coil at DC ground potential or operating at less than 
150 volts AC, 

(vi) Disconnecting means . A readily accessible disconnecting means shall be 
provided by which each unit of .heating equipment can be isolated from its 
supply circuit. 

• (3) Remote control . If remote controls are used for applying power, a selector switch 
shall be provided and interlocked to provide power from Mfly one control point 
at a time. Switches operated by foot pressure shall be p^fivided with a shield 
over the contact button to avoid accidental closing of the switch. 



• REMOTE CONTROLS MUST HAVE AN INTERLOCKED SELECTOR SWITCH SO ONLY 
ONE CONTROL POINT CAN OPERATE THE POWER TO A PARTICULAR HEATING PROCESS 
AT A TIME. FOR EXAMPLE, INDUCTION HEATING IS WELL SUITED FOR SURFACE 
HARDENING METAL PARTS TO PROTECT AGAINST WEAR. A COMMON PRODUCTION 
APPLICATION ISASET-UP IN WHICH GEAR TEETH ARE SURFACE-HARDENED 8Y 
INDUCTION HEATING. THIS SET UP MAY HAVE TWO OR MORE CONTROL POINTS TO 
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FACILITATE PRODUCTION AND ALLOW THE OPERATOR TO OBStRVE THE PROCESS 
FROM A REMOTE LOCATION, AN INTERLOCKED SELECTOR SWITCH MUST BE 
PROVIDED TO ALLOW CONTROL FROM OJMLY ONE POINT ATA TIME, THUS 
PROTECTING AGAINST ACCIDENTAL OPERATION AT UNATTENDED CONTROL 
LOCATIONS (SEE FIGURE 71). 
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Remote Control 
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This controller i» 
inoperative when 
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set for Remote 
Control Station #2 
or Main, 



Control console 
incorporates inter- 
locked selector switch ^ 
to allow only one control 
to operate z' a time. 



Remote Main 
Control 
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#1 



\ 



Remote 
Control 
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•#2 




Remote Control 
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This controller^ 
is inoperative 
when selector 
switch is set for 
Remote Control 
Station #1 or Main. 



FIGURE 71. INDUCTION H£AT TREATING PROCESS 
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(h) Eleetrolytie eells . 

(1) Scope . These provisions for electrolytic cells spply to the installation of the 
electrical components and accessory equipment or electrolytic O^Ils, electrolytic 
cell lines, and process power supply for the production of aluminum, cadmium, 
chlorine, copper, fluorine, hydrogen peroxiae, magnesium, sodium, sodium chlorate, 
and zinc. Cells used as a source of electric energy and for electroplating pro- 
cesses and^cells used for the production of hydrogen are not covered by these 
provisions. 

1 2) Definitions applicable to this paragraph. 

Cell iine : An assembly of electrically interconnected electrolytic cells 
supplied by a source of direct-iJurrent power. - , " _ - : 
Cell line attachments and auxiliary equipment ; Cell line attachments and 
auxiliary equipment include, but are not limited to: auxiliary tanks; process 
piping; duct work; structural supports; exposed cell line conductors; conduits 
and other raceways; pumps; positioning equipment and cell cutout or by- 
pass electrical devices. Auxiliary-equipment also includes tools, welding 
machines, crucibles, and other portable equipment used for operation and 
maintenance within the electrolytic cell line working zone. In the cell line 
working zone, auxiliary equipment includes the exposed conductive surface? 
of ungrounded cranes and crane^mounted cell-servicing equipment. 
• Cell line working zone ; The cell line working zone is the space 

envelope wherem operation or njaintenance is normally performed on or 
in the vicinity of exposed energized surfaces of^cell lines or1?^eir attach- 
""Tnentsr. f " " ~ - - ^ _ 



• PARAGRAPH 1910,303(9)(2) REQUIRES LIVE PARTS OF EQUIPMENT OPERATING AT 
50 VOLTS OR MORE TO BE GUARDED. RECOGNIZING A SPECIAL CASE, PARAGRAPH 
1910,306(h) PERMITS ELECTROLYTIC CELLS TO OPERATE WITH LIVE PARTS EXPOSED, 
PROVIDED THAT SPECIFIC ALTERNATE SAFETY MEASURES ARE EMPLOYED, 
ELECTROLYTIC CELLS DIFFER IN CERTAIN RESPECTS FROM STANDARD 
ELECTRICAL INSTALLATIONS. IN ASTANDARD ELECTRICAL CIRCUIT, ALL LIVE PARTS 
ARE REQUIRED TO BE INSULATED OR GUARDED, ONE SIDE OF THE CIRCUIT IS 
CONNECTED TO GROUND TO PROVIDE A COMMON REFERENCE AND TO STABI LI2E 
VOLTAGES, AND THUS A POTENTIAL EXISTS BETWEEN ANY LIVE CONDUCTOR AND 
ANY GROUNDED SURFACE, A PERSON COMING IN CONTACT WITH BOTH A LI VE 
CONDUCTOR AND A GROUNDED SURFACE WILL PROVIDE A PATH FOR ELECTRIC 
CURRENT TO FLOW AND WILL RECEIVE A SHOCK VARYING IN SEVERITY WITH THE 
AMOUNT OF CURRENT THAT FLOWS THROUGH THE BODY, THE PURPOSE OF THE 
* ' GUARDING PROVISIONS OF THE NEC IS TO PREVENT CONTACT WITH LIVE PARTS> 
SINCE CONTACT WITH GROUNDED SURFACES IS VERY COMMON, 

tN AN ELECTROLYJtC CELL LINE, HOWEVER, THE ACTUAL WORKING PARTS AND 
.SOME WORKING SURFACES ABE, BY NECESSITY, THE BARE LIVE PARTS OF AN 
ELECTRIC CIRCUIT, EMPLOYEE CONTACT WITH THESE LIVE PARTS IS NE-CESSARY IN 
NORMAL ELECTROLYTIC CELLWORKING PROCEDURES, THEREFORE, WHEREAS A 
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STANDARD CIRCUIT NECtSSlTATES GUARDING OF LIVE PARTS, EMPLOYEES WORKING 
ON ELECTROLYTIC CELLS MUST BE PROTECTED AGAINST CONTACT WITH G ROUND. 
THE PROVISIONS OF PARAGRAPH 1910.306(h) RECOGNIZE THE DIFFERENT WORKING 
CONDITIONS OF ELECTROLYTIC CELL LINES AND OUTLINE THE PROCEDURES TO BE 
USED AS AN ALTERNATIVE TO GUARDING OF LIVE PARTS, 

AN ELECTROLYTIC CELL LINE AND ITS DC POWER SUPPLY CI RCUITS, ALL WITI^IN 
THE CELL LINE WORKING ZONE, ARE CONSIDERED A SINGLE UNIT JUST AS A ^. 
MACHINE TOOL IS CONSIDERED A SINGLE UNIT^UPPLIED FROM A SINGLE POWER 
SOURCE. CELL LINE INSTALLATIONS MAY COVER SEVERAL ACRES OF F LOOR SPACE 
AND MAY HAVE LOADS IN EXCESS OF 400,001 AMPERES DC AT VOLTAGES IN EXCESS 
OF 1,000 VOLTS DC. 

THE HEAVY BUS BARS AND CONNECTIONS CARRYING THIS CURRENT ARE 
USUALLY BARE; AND, THEREFORE, IT IS NECESSARY TO MINIMIZE THE POSSIBILITY 
,0F WORKERS TOUCHING THE BARS WHILE ALSO TOUCHING OTHER COI^DUCTIVE 
SURFACES AT A DIFFERENT POTENTIAL. TO DO THIS, THE NATIONAL ELECTRICAL 
CODE (NEC) DEFINES BOUNDARIES TO THE CELL LINE UNIT.. " 

THE BOUNDARIES OF THE CELL LINE WORKING ZONE ARE SPECIFIED IN SECTION 
66B-10 OF THE NEC AND ARE KEYED TO VERTICAL AND HORIZONTAL MEASUREMENTS 
FROM ENERGIzYd SURFACES OF THEX.ELL LINE OR THEIR ATTACHMENTS. THESE 
l&IEASUREMENTS INCLUDE; THE SPACE WITHIN 961NCHES ABOVE^NY ENERGIZED 
PART, THE SPACE BELOW ENERGIZED SURFACES PROVIDED THE HEADROOM IS LESS 
THAN 96 INCHES, AND THE SPACE WITHIN 42 INCHES HORIZONTALLY FROM 
•ENERGIZED SURFACES OR FROM THE 96-INCH VERTICAL ENVELOPE..THESE SPACE 
REQUIREMENTS DO NOT EXTEND BEYOND WALLS OR OTHER FIXED BARRIERS. 
FIGURE 72'lLLUSTRATES A TYPICAL ALUMINUM REDUCTION CELL LINE 
ARRANGEMENT SHOWING THE LOCATION OF THE CELL LINE WORKING ZONE 
BOUNDARIES. 
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Insulated Supports 

Cell Line Working Zone 



FIGURE 72. THE BOUNDARIES OF THE CELL LINE AS A SINGLE FUNCTIONAL UNIT 



Electrolytic Cells ; A receptacle or vessel in which electrochemical reactions 
are caused by applying energy for the purpose of refining or producing usable 
materials. 

(3) Application . Installations covered by paragraph (h) of this section shall comply 
with all applicable provisions of this subpart, except as follows: , 

(i) Overcurrent protection of electrolytic cell DC process power circuits need 
not comply with the requirements of §1910. 304(e). 

(ii) Equipment located or used within the cell line working zone or associated 
with the cell line DC power circuits need not comply with the provisions 
of §1910.304{f). 

(iii) Electrolytic cells, cell line conductors^ cell line attachments, and the wiring 
of auxiliary equipment and devices within the cell line working zone need 
not comply with the provisions of §§1910.303, and 19W.304(b) and (c). 

(4) p isconnec t ii^m eans . 

Ti) If more than one DC cell line process-power supply serves the same cell 
line^ a disconnecting means shall be provided on the cell line circuit side 
of each power supply to disconnect it from the cell line circuit. 

(ii) Removable links or removable conductors may be used as the disconnecting 
means. " 
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(5) Portable eleetrie equipment . 
TIT The frames and enclosures of portable electric equipment u?ed within the 

cell line working zone may not be grounded. However, the^e ffames and 
enclosures may be grounded if the cell line circuit voltage does not exceed 
/ V 200 volts DC or if the frames are guarded. 

/ (ii) Ungrounded portable electric equipment shall bQ distinctively marked and 
may not be interchangeable with grounded portable electric equipment. 

(6) Power supply circuits and receptacles foi" portable electric equipment . 
TD pircuils supplying power to ungrounded receptacles for hand-held, copd- 

and plug-connected equipment shall be electrically isolated from any dis*- 
tribu|^n system supplying areas other 'than the pell line working zone^and 
shall be ungrounded. Power for these circuits shall be supplied through 
isolating transformers. ^ ' - r 

(ti) Receptacles and their mating plugs /of ungrout\ded equipment may not have! 
provision for a grounding conductor and shall t^e of a configuration which ^ 
prevents their use for equipment required to be grounded. I 

(iii) Receptacles on circuits supplied by an isolating^ transformer mth tin unground- 
ed secondary shall have a distinctive configu ration , shall, be distinctively 
marked, and may not be used in any other lof<iation in the plant. 



• THE CELL LINE DC CIRCUITS OPERATE AT HIGH VOLTAGE AND POWER RATINGS, 
ALUMINUM REDUCTION, FOR INSTANCE, CAN 8fe RATED AT 600 VOLTS DC AND 155,000 
AMPERES DjC, ' . \ ' ^ ' 

VOLTAGE TO GROUND FROM THESE CURRENT-CARRYING PARTS rS GENERALLY 
UNKNOWN. THEREFORE, IT IS NECESSARY^b MINIMIZE THE POSSIBILITY OF 
WORKERS ACCIDENTALLY PROVIDING A PATH TO GROUND AT ANY POINT, JO 
PREVENT THE INTRODUCTION OF INADVERTENT GROUNDS, TOOL FRAMES MUST 8E 
INSULATED FROM GROUND RAftHERTHAN GROUNDED, ANCJ EVEN THE CIRCUITS 
SUPPLYING SUCH TOOLS CANNOT HAVE A GROUNDED CONDUCTOR. GROUNDING IS - 
PERMITTED, HOWEVER, IF THE CELL LINE VOLTAGE IS 200 VOLTS OR LESS. 

ISOLATING TRANSFORMERS AR^ USED TO SUPPLY POWER TD HAMD-HELD CORD- 
CONNECTED EQUIPMENT USED IN THE^CELL LINE WDRKI NG ZONE. THE SECONDARY 
WINDINGS OF ISOLATING TRANSFORMERS HAVE NO ELECTRICAL CONNECTION TO 
THE PRIMARY WINDINGS. THEREFORE, THE LOAD SIDE,OF THE CIRCUIT iS NOT 
fNFLUENCED BYTHE GROUNDItiG OF THE DISTRIBUTION SYSTEM SlicELYING THE^ 
PRIMARY WINDINGS. THESE ISOLATED CIRCUITS MUST NOT 8E GROUNDED. FIGURE 73 
I LLUSTRATES A SCHEMATIC DRAWING OF AN ISOLATED CIRCUIT USED TO SUPPLY 
HAND-HELD POWER TOOLS. ' 

PLUGS AND RECEPTACLES USED FOR EQUIPMENT CONNECTED TO A CIRCUIT 
SUPPLIED 8Y AN ISOLATING TRANSFORMER MUST HAVE A CONFIGURATION . 
DIFFERENT FROM ANY OTHERS USED IN THE PLANT. . 
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Isolating Transformer 



P^ei^ no ekctrical connaction between 
the loed and lins stdabf the trar^ormer. AlsO/ 
the load side ts ut^^jrounded. ^ 



FIGURE 73. ISOLATING TRANSFORMER SUPPLYING HAND^HfiLD DOUBLE INSULATED 
TOOL FOR USE IN CELL LiNE WORKING ZONE 



(7) Fixed and portable eleetrie equipment . ^ 

. Ti5 AC systems supplying fixed and portable electric equipment within the cell 
- ' line working zone need not be grounded. 

(ii) ' Exposed conductive surfaces, such'as electric equipment housings* cabinets, 

Ipoxes, motors, raceways and the like that are within the cell line working 
zone need not be grounded. 

(iii) Auxiliary electrical devices, such as motors, transducers, sensors, control 
devices, and alarms, mounted on an electrolytic cell or other energized 
surface, shall be connected by any of the following means: 

^ (a) Multiconductor hard usage or extra hard usage flexible cord; 
(b) Wire or cable in suitable raceways; or 
(e) Exposed metal conduit, cable tray, armored cable, or similar 

metallic systems installed with insulating breaks such that they will 
not cause a potentially hazardous electrical condition. 

(iv) Fixed electric equipment may be bonded to the energized conductive sur- 
faces of the cell line, its attachments, or auxiliaries. If fixed electric 
equipment is mounted on an energized cond^wtive surface, it shall be bonded 
to that surface. 

(8) Auxiliary nonelectric connections . Auxiliary nonelectric connections, such as 
air hoses, w^ter hoses, and the like, to an electrolytic cell, its attachments, or 
auxiliary equipment may not have continuous conductive reinforcing wire, armor, 
braids, and the like. Hoses shall be of a nonconductive materiaL 

(9) Cranes and hoists . 

Ti) The conductive surfaces of cranes and hoists that enter the cell line working 
zone need not be grounded. The portion of an overhead crane or hoist which 
contacts an energized electrolytic cell or energized attachments shall be 
insulated from) ground. 

(ii) Remote crane oi !.oist controls which may introduce hazardous electrical 
conditions into the cell line working zone shall employ one or more of the 
following systems; 

c 
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(a) Insulated and ungrounded control circuit; 

(5) N on conductive rope operalor; . 

._ (crPendant pushbutton with nonconductive supporting mearifs and having 

nonconductive surfaces or ungrounded exposed conductive surfaces; 
or 

(d) Radio. ^ 
(i) Electrically driven or controlled irrigation machines . (See §1910.302(b)(3).) 

(1) Lightning protection . If an electricaily driven or controjled irri<jalioi\ machine 
has a staiionary point, a driven ground rod shall be connected to the machine 
at the stationary point for lightning protection. 

(2) Disconnecting means . The main disconnecting means for a center pivot irrigation 
machine shall be located at the point of connection of electrical power to the 
machine and shall be readily accessible and capable of being locked in the open 
position. A disconnecting means shall be provided for e^ch motor and controller. 

(j) Svyimming pwls» fountains^ and similar installations ^ 

(1) Scope/ Paragraphs (jKZ) through UK5) of this section apply to electric wiring for 
and equipment in or adjacent to all swimmings wading, therapeutic^ and decorative 
pools and fountains, whether permanently installed or storable, and to metallic 
auxiliary equipment, such as pumps, filters, and similar equipment. Therapeutic 
pools in health care, facilities are exempt from these provisions. 

(2) Lighting and receptacles . 

• TiT Receptacles . A single receptacle of the locking and grounding type that 
provides power for a permanently installed swimming pool recirculating 
pump motor may be located not less than 5 feet from the inside walls of 
a pool. All other receptacles on the property shall be located at least 10 
feet from the inside walls of a pool. Receptacles which are located within 
15 feet of the inside walls of the pool shall be protected by ground-fault 
circuit interrupters. 

NOTE: In determining these dimensions^ the distance to be mciasured is 
the shortest path the supply cord of an appliance connected to the recep- 
tacle would follow without piercing a floor, wall, or ceiling of a building 
or other effective permanent barrier. 



• A SINGLE RECEPTACLE FOR THE POOL RECIRCULATING PUMP MAY BE LOCATED 
AS CLOSE ASS FEET FROM THE INSIDE WALL OF THE POOL THIS ALLOWS FOR THE 
USE OF ACORD-CONNECTED PUMP MOTOR AND PROVIDES A MEANS TO EASILY 
REMOVE THE MOTOR DURING THE WINTER TO PREVENT FREEZING. THE RECEPTACLE 
AND PLUG MUST BE THE LOCKING AND GROUNDING TYPE. FIGURE 74 ILLUSTRATES 
THE NATIONAL ELECTRfCAL M;f\NUFACTURERS ASSOCIATION iNEMA} CONFIGUR- 
ATION FOR LOCKING PLUGS AND RECEPTACLES. 

ALL OTHER RECEPTACLES MUST BE AT LEAST 10 FEET FROM THE INSIDE WALL OF 
THE POOL ANY RECEPTACLE WITHIN 15 FEET OF THE POOL WALL MUST BE EQUIPPED 
WITH A GROUND-FAULT CIRCUIT INTERRUPTER (GFCI). FIGURE 75 ILLUSTRATES 
THESE KEY DISTANCES WHERE RECEPTACLES ARE PERMITTED. 

THIS REQUIREMENT FOR A GFCl IS DIRECTED TOWARD THE HAZARD OF SHOCK 
WHERE ELECTRICITY IS USED IN AND AROUND SWIMMING POOLS. A PERSON IN 
' CONTACT WITH THE WATER OR WET SURFACES MAY PROVIDE A PATH FROM AN 
ENERGIZEDCIRCUIT.POSSIBLYTHROUGH A FAULTY APPLIANCE, TO GROUND. 
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THE GROUND-FAULT CIRCUn" INTERRUPTER IS A FAST-ACTING DEVICE WHICH 
SENSES SMALL CURRENT "LEAKAGE TO GROUND AND7IN A FRACTION OF A SECOND, 
SHUTS OFF THE ELECTRICITY AND "INTERRUPTS" ITS FAULTY FLOW TO GROUND. 
PLACED BETWEEN THE ^LECTRICAL SERVICE AND THE TOOL OR APPUANCE IT 
SERVES, THE GFCI CONTINUALLY MATCHES THE AMOUNT OF CURRENT GOING TO 
AND FROM THE TOOL ALONG THE NORMAL PATH OF THE CIRCUIT CONDUCTORS. 
WHENEVER THE^AMOUNT "GOING" DIFFERS FROM THE AMOUNT "RETURNING" BY A 
SET TRIP LEVEL (5mA ± 1mA ON CURRENTLY APPROVED GFCI'S), JHZ C*^CI INTERRUPTS 
THE ELECTRIC POWER IN AS LITTLE AS 1/40 OF A SECOND. THIS DIFFERENCE IN 
CURRENT IS CALLED LEAKAGE CURRENT TO GROUND AND THE PATH IT TAKES TO GROUND 
COULD BE THROUGH A PERSON - IN WHICH CASE, THE RAPID RESPONSE OF THE GFCI 
IS FAST ENOUGH TO PREVENT ELECTROCUTION. THIS PROTECTION PROVIDED BY 
THE GFCI IS INDEPENDENT OF THE CONDITION OF THE EQUIPMENT GROUNDING 
CONDUCTOR. "HUS, THE GFCI CAN PROVIDE PROTECTION EVEN IF THE EQUIPMENT 
GROUNDING CONDUCTOR BECOMES INOPERATIVE. 

rr SHOULD BE NOTED THAT A FUSE.OR CIRCUIT BREAKER CANNOT POSSIBLY PRO- 
VIDE THIS KIND OF PERSONNEL PROTECTION, BECAUSE IT MONITORS ONLY THE 
AMOUNT OF CURRENT FLOWING, NOT THE PATH OF CURRENT AND CANNOT DETECT 
LEAKAGE CURRENT THROUGH A FAULT. FOR EXAMPLE, A20-AMPERE CIRCUIT 
BREAKER WILL NOT TRIP OUT EVEN IF ALL THE 20 AMPERES ARE FLOWING THROUGH 
A GROUND FAULT, BUT THE GFCI WILL TRIP OUT IF .005 AMPERES OR MORE 
START TO FLOW THROUGH A GROUND FAULT. THIS SMALL AMOUNT OF CURRENT 
FLOWING FOR THE EXTREMELY SHORT TIME REQUIRED TO TRIP THE GFCI WOULD 
NOT ELECTROCUTE A PERSON. FIGURE 76A ILLUSTRATES A SCHEMATIC OF A GFCI. 
FIGURE 76B SHOWS A GFCI INCORPORATED INTO A RECEPTACLE. 
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FIGURE 74. NEMA CONFIGURATIONS FOR 3-WIRE 2-POLE GROUNDING PLUGS 

AND RECEPTACLES 
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FIGURE 75. PERMANENTLY INSTALLED SWiMMiNG POOL 
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Dfffarantiel Transformer continuoutly monitory cfroilt to enture that all 
currant that flows out to motor or appHance return* to the source via 
the circuit conductors* If any current leaks to a fault, the sensing circuit 
opens the circuit breeker and stops all current flow* 
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Figure 76A. GROUND-FAULT CIRCUIT INTERRUPTER 
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FrGURE768, RECEPTACLE-TYPE GROUND-FAULT CIRCUIT INTERRUPTER (GFCl) 



(ii) Lighting fixtures and lightirg outlets . 

(aj Unless they are 12 feet above the maximum water levels lighting 
^ fixtures and lighting outlets may not be installed over a pool or over 
the area extending 5 feet horizontally from the inside walls of a pool. 
However^ a lighting fixture or lighting outlet which has been installed 
before April 16^ 1981^ may be located less than 5 feet measured hori- 
zontally from the inside walls of a pool if it is at least, 5 feet above 
the surface of the maximum water level and shall be rigidly attached 
to the existing structure. It shall also be protected by a ground-fault 
circuit interrupter insUilled in the branch circuit supplying the fixture, 
(b) Unless installed 5 feet above the maximum water level and rigidly 
attached to the structure adjacent to or enclosing the pool» lighting 
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fixtures and lighting outlets installed in the area extending between 
5 feet and 10 feet Horizontally from the iijside walls of a pool shall 
be protected by a ground-fault circuit interrupter. 

(3) Cord" and-piug-eonnected^Qnipni^t ^Flexible cordsrus^diwith thirfdllewin^ — 
equipment may not exceed 3 feet in length and shall have a copper equipment 
grounding conductor with a grounding-type attachment plug. 

(i) Cord* and plug-connected lighting fixtures installed.within 16 feet of the 
water surface^f permanently installed pools. 

(ii) Other cord- and plug-connected, fixed or stationary equipment used with 
permanently installed pools. 

(4) Underwater equipment . 

Ti) A ground-fault circuit interrupter shall be installed in the branch circuit 
supplying underwater fixtures operating at more than 15 volts. Equipment 
installed underwater shall be approved for the purpose. 

(ii) No underwater lighting fixtures may be installed for operation at over 150 
volts between conductors. 

(5) Fountains . All electric equipment operating at more than 15 volts, including power 
supply cords, used with fountains shall be protected by ground-fault circuit interr 
rupters. (See §19 10.302(b)(3).) 
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§1910.307 HAZARDOUS (CLASSIFIED) LOCATIONS 
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^910.307 Haa^ardous (classified) locations . 

fa) Scope . This section covers the requirements for electric equipment and wiring in 
locations which are classified depending on the properties of the flammable vapors, 
liquids or gases, or combustible dusts or fibers which may be present therein and 
the likeliho od tha t a flammable or combustible concentrat ion or quantity is present. 
' TIa3ai^6u^dlassified) loc^^^ may be tound in occupancies such as, but not limited 
to, the following: aircraft hangers, gasoline dispensing and service statfons, bulk 
storage plants for gasoline or other volatile flammable liquids, paint-finishing process 
plants, health care facilities, agricultural or other facilities where excessive combus- 
tible dusts may be present, rfiarinas, boat yards, and petroleum and chemical pro- 
cessing plants. Each room, section or area shall be considered individually in deter- 
mining its classification. These hazardous (classified) locations are assigned six 
designations as follows: 

Class I, Division 1 
Class I, Division 2 
Class lU Division 1 
Class lU Division 2 
Class lU, Division 1 
Class in, Division 2 

For definitions of these locations see §1910,399(a). All applicable requirements 
in this subpart shall apply to hazardous (classified) locations, unless modified by 
provisions of this section. 



• THE FOLLOWING DISCUSSION PROVIDES A GENERAL OVERVIEW OF THE 
GUIDELINES CONTAINED IN THE NATIONAL ELECTRICAL CODE, CHAPTER 5* ALSO, 
HIGHLIGHTS AND SUMMARY INFORMATION ARE PRESENTED TO AID IN UNDERSTAND* 
ING DESIGN CONCEPTS AND EQUIPMENT SELECTION. SEVERAL REFERENCES ARE 
MADE TO NEC ARTICLES 500, 501, 502, AND 503* CAREFUL STUDY OF THESE AND 
THEIR ASSOCIATED ARTICLESSHOULDPR|qEDE ANY DESIGN DEVELOPMENT 
ACTIVITIES. ^ 



HAZARDOUS LOCATIONS ^ , 

HAZARDOUS LOCATIONS ARE AREAS WHERE FLAMMABLE LIQUIDS, GASES, OR 
VAPORS, OR COMBUSTIBLE DUSTS EXIST IN SUFFICIENT QUANTITIES TO PRODUCE AN 
EXPLOSION OR FIRE. IN HAZARDOUS LOCATIONS, SPECIALLY DESIGNED EQUIPMENT 
AND SPECIAL INSTALLATION TECHNIQUES MUST BE USED TO PROTECT AGAINST THE 
EXPLOSIVE AND FLAMMABLE POTENTIAL OF THESE SUBSTANCES- 
HAZARDOUS LOCATIONS ARE CLASSIFIED AS CLASS I, CLASS II, OR CLASS III, 
DEPENDING ON WHAT TYPE OF HAZARDOUS SUBSTANCE IS OR MAYBE PRESENT, 
IN GENERAL, CLASS I LOCATIONS ARE THOSE IN WHICH FLAMMABLE VAPORS AND 
GASES MAY BE PRESENT* CLASS II LOCATIONS ARE THOSE IN WHICH COMBUSTIBLE 
DUSTS MAY BE FOUND, CLASS III LOCATIONS ARE THOSE IN WHICH THERE ARE 
IGNITIBLE FtBERSAND FLYINGS, 
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EACH OF THESE CLASSES IS DIVIDED INTO TWO HAZARD CATEGORIES, DIVISION 1 
AND DIVISION 2, DEPENDING ON THE LIKEUHOOD OF THE PRESENCE OF A 
FLAMMABLE OR IGNITIBLE CONCENTRATION OF A SUBSTANCE. DIVISION 1 LOCA- 
-TI0NS„ARE.DESIGNAIE[iAS3Ui:aAEC4U5EA,mAaMA OR DLLST _ 

IS NORMALLY PRESENT IN HAZARDOUS QUANTITIES. IN DIVISION 2 LOCATIONS, 
THE EXISTENCE OF HAZARDOUS QUANTITIES OF THESE MATERIALS IS NOT NORMAL, 
BUT THEY MAY OCCASIONALLY EXIST EITHER ACCIDENTALLY OR WHEN MATERIAL IN 
STORAGE IS HANDLED. IN GENERAL, THE 'N'STALLATION REQUIREMENTS FOR DIVISION 
1 LOCATIONS ARE MORE STRINGENT THAN FOR DIVISION 2 LOCATIONS. 

ADDITIONALLY, CLASS I AND CLASS H LOCATIONS ARE ALSO SUBDIVIDED INTO 
GROUPS OF GASES, VAPORS, AND DUSTS HAVING SIMlUR PROPERTIES. 

TABLE 3 SUMMARIZES THE VARIOUS HAZARDOUS (CLASSIFIED) LOCATIONS. THE 
DEFINITIONS OF THE LOCATIONS ARE GIVF.N IN PARAGRAPH 1910.399(a) OF THE 
STANDARO. 



TABLE 3. SUMMARY OF CLASS I, It, 111 HAZARDOUS LOCATIONS 



CLASSES 

I GASES, VAPORS, 
AND LIQUIDS 
(ART 501) 



II OUSTS 
(ART. 502) 



Mt FIBERS ANO FLYINGS 
(ART 503) 



GROUPS 

A; ACETYLENE 

B: HYOROGEN.ETC. 

C: ETHER, 6TC. 

0: HYOROCARBONS, 

FUELS, SOLVENTS, 6TC. 



METAL OUSTS 
ICONOUCTIVE' AND 
EXPLOSIVE) 
CARBON OUSTS 
(SOME ARE 
C0N0UCTIV6,* ANO 
ALL ARE6XPLGSIV6) 
FLOUR, STARCH, 
GRAIN, COMBUSTIBLE 
PLASTIC OR CHEMICAL 
OUST (EXPLOSIVE) 

T6XTIL6S, WOOO. 
WORKING ETC. 
(EASILY IGNITABLE, 
BUT N0TL(K6LYT0 
B6 6XPL0StV6) 



1 

NORMALLY 
EXPLOSIVE 
ANO 

HAZARDOUS 



IGNrTABLE 
QUANTITIES OF 
OUST NORMALLY 
IS OR MAY B6 
IN SUSPENSION, 
OR CONDUCTIVE 
DUST MAY B6 
PRESENT 



HANDLED OR 
USED IN MANU- 
FACTURING 



DIVISIONS 



NOT 

NORMALLY PRESENT 

INAN e:(pldsive 

CONCENTRATION 
(BUT MAY ACCI- 
DiiNTAtLY EXIST) 

DUST NOT 

normallysuspended 
inan ignitible 
concentration (but , 
may accidentally 
exist). dust layers 
Are present. 



STORED OR HANDLED 
(N STORAGE 
(EXCLUSIVE OF 
MANUFACTURING) 



"NOTEt ELECTRICALLY CONDUCTIVE DUSTS ARE DUSTS WITH A RESISTIVITY LESS 
THAN DHM-CENTIMETER. ^ 



(b) Eleetrieal installations . Equipmenti wiring methodSi and installations of equipment 
in hazardous (classified) locations shall beJ intrinsically safe, or approved for t]ie 
hazardous (classified) location, or safe for the hazardous (classified) location. ^ 
Requirements for each of these options are as follows; 

(1) Ini.rinsically safe . Equipment and associated wiring approved as intrinsically safe 
shHTMpeSini^^ irrg^p^roved. 

(2) ADt>roved for the hazardous (classified) location . 

Ti) Equipment shall be approved not only for the class of location but alsa for 
the ignitible or combustible properties of the specific gas, vapor, dust, or 
fiber that will be present. 

NOTE: NFPA 70, the National Electrical Code, lists or defines ha- 
zardous gases, vapors, and dusts by "Groups" characterized by their 
ignitible or combustible properties, 
(ii) Equipment shall be marke:] to ^ow the class, group, and operating tem- 
perature or temperature range, based on operation in a 40 degrees C 
ambient, for which it is approved. The temperature marking may not 
exceed the ignition temperature of the specific^gas or vapor to be 
encountered. However, the following provisions modify this marking 
requirement for specific equipment; 

(a) Equipment of the non-heat*|>roducing type^. such as junction boxes, 
conduit, and fittings, and equipment of the heat-producing type having 
a maximum temperature not more than 100 degrees C (212 degrees 

F) need not have a marked operating temperature or^ temperature 
range. 

(b) Fixed lighting fixtures marked for use in Class I,^Division 2 locations 
only, need not be marked to iildicate the group. 

(e) Fixed general-purpose equipment in Class 1 locations, other than 
lighting fixtures, which is acceptable for use in Class I, Division 2 
locations need not be marked with the class, group, division, or 
operating temperature, 
(d) Fixed dust-tight equipment, other than lighting fixtures, which is 
^ acceptable for use in Class II, Divisioh 2 and Class IH locations need 
not be marked with the class, group, division, or operating temper- 
ature. 

(3) Safe for the hazardous (classified) location . Equipment which Is safe for the 
location shall be 0? a type and design which the employer demonstrates will pro^ 
vide protection from the hazards arising from the combustibility and flamma- 
bility of vapors, liquids, gases, dusts, or fibers. 

NOTE: The National Electrical Code, NFPA 70, contains guidelines for deter- 
mining the type and desighxof equipment and installations which will, meet this 
requirement. The guideline^f this document address electric wiring, equip- 
ment, and systems installed iirl^azardous (classified) locations and contain 
specific provisions for the followingi wiring methods, wiring connections; 
conductor insulation, flexible cords, sealing and drainage, transformers, capac** 
itors, switches, circuit breakers, fuses, motor controllers, receptacles, 
attachment plugs, meters, relays, instruments, resistors, generators, 
motors, lighting fixtures, stoi^age battery charging equipment, electric 
cranes, electric hoists and similar equipment, utilization equipment, signaling 
systems, alarm systems, remote control systems, local loud speaker and 
communication systems, ventilation piping, live parts, lightning surge pro* 
tectlon, and grounding. Compliance wiih these guidelines will constitute 
one means, but not the only >ineans, of compliance with this paragraph. 
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• ttHJli-iVieNT DESIGN 

GENERAL-PURPOSE tLECTRICAL EQUIPMENT CAN CAUSE EXPLOSIONS AND FIRES 

■ \N AREAS WHE REJ^AMMABij VAPORS, Lj^^^ AND CO MBUSTIBLE 

OUSTS OR FIBERS ARE PRESENT. THESE AREAS REQUIRE SPECIAL ELECTRICAL 
EQUIPMENT WHICH IS DESIGNED FOR THE SPECIFIC HAZARD INVOLVED. THIS 
INCLUDES tXPLOSION-PROOF EQUIPMENT FOR FLAMMABLE VAPOR, LIQUID AND GAS 
HAZARDS AND DUST-IGNITION-PROOF EQUIPMENT FOR COMBUSTIBLE DUST. OTHER 
EQUIPMENT USED INCLUDE: NONSPARKING EQUIPMENT, INTRINSICALLY SAFE 
EQUIPMENT AND PURGED AND PRESSURIZED EQUIPMENT. IN SOME CASES, GENERAL 
PURPOSE OR DUST-TIGHT EQUIPMENT IS PERMITTED IN DIVISION! 2 AREAS. 

MANY P. ;CES OF ELECTRICAL EQUIPMENT INCLUDE CERTAIN PARTS THAT ARC, 
SPARK, 0^ PRODUCE HEAT UNDER NORMAL OPERATING CONDITIONS. FOR EXAMPLE, 
CIRCUIT CONTROLS, SWITCHES, AND CONTACTS MAY ARC OR SPARK WHEN OPER- 
ATED. MOTORS AND LIGHTING FIXTURES ARE EXAMPLES OF EQUIPMENT THAT MAY 

. HEAT UP. THESE ENERGY SOURCES CAN PRODUCE TEMPERATURES HIGH ENOUGH 
TO CAUSE IGNITION. SEE FIGURE 77. ELECTRICAL EQUIPMENT SHOULD NOT BE 
INSTALLED IN KNOWN OR POTENTIALLY HAZARDOUS LOCATIONS UNLESS 
ABSOLUTELY NECESSARY. HOWEVER, WHEN ELECTRICAL EQUIPMENT MUST BE 
INSTALLED IN THESE AREAS, THE SPARKING, ARCING, AND HEATING NATURE OF 
THE EQUIPMENT MUST BE CONTROLLED. 




IF GENERAL-PURPOSE EQUIPMENT IS USED IN HAZARDOUS LOCATIONS, 
i A SERIOUS FIRE AND EXPLOSION HAZARD EXISTS. 

FIGURE 77, EXPLOSION OCCURRING IN GENERAL PURPOSE EQUir^MENT 
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INSTALLATIONS IN HAZARDOUS LOCATIONS MUST BE: (1) INTRINSICALLY SAFE, 
(2) APPROVED FOR THE HAZARDOUS LOCATION, OR (3) OF A TYPE AND DESIGN WHICH 
PROVIDES PROTECTION FROM THE HAZARDS ARISING FROM THE COMBUSTIBILITY 
AND FLAMMABlLITY OF THE VAPORS, LIQUIDS, GASES, DUSTS, OR FIBERS THAT WILL 
BE PRESENT. INSTALLATIONSeAtrBE ONE QR ANY COMBtNATION OF THESE OPTIONS. " ' 
EACH OPTION IS DESCRIBED IN THE FOLLOWING DISCUSSION. 

♦INTRINSICALLY SAFE 

EQUIPMENT AND WIRING APPROVED AS INTRINSICALLY SAFE IS ACCEPTABLE IN 
ANY HAZARDOUS (CLASSIFIED) LOCATION FOR WHICH IT IS DESIGNED. INTRINSICALLY 
SAFE EQUIPMENT IS NOT CAPABLE OF RELEASING SUFFICIENT ELECTRICAL OR 
THERMAL ENERGY UNDER NORMAL OR ABNORMAL CONDITIONS TO CAUSE IGNITION 
OF A SPECIFIC FLAMMABLE OR COMBUSTIBLE ATMOSPHERIC MIXTURE IN ITS MOST 
EASILY IGNITIBLE CONCENTRATION. 

TO AVOID CONTAMINATING NONHAZARDOUS LOCATIONS, THE PASSAGE OF FLAM- 
MABLE GASES AND VAPORSTHROUGH THE EQUIPMENT MUST BE PREVENTED. ADDI- 
TIONALLY, ALL INTERCONNECTIONS BETWEEN CIRCUITS MUST BE EVALUATED TO BE 
SURE THAT AN UNEXPECTED SOURCE OF IGNITION IS NOT INTRODUCED THROUGH 
OTHER NONINTRINSICALLY SAFE EQUIPMENT. SEPARATION OF INTRINSICALLY SAFE 
AND NONINTRINSICALLY SAFE WIRING MAY BE NECESSARY TO ENSURE THAT THE 
CIRCUITS IN HAZARDOUS (CLASSIFIED) LOCATIONS REMAIN SAFE. 

♦APPROVED FOR THE HAZARDOUS (CLASSIfIeD) LOCATION 

UNDER THIS OPTION, EQUIPMENT MUST BE APPROVED POR THE C|.ASS, DIVISION, 
AND GROUP OF LOCATION. THERE ARE TWO TYPES OF EQUIPMEi JT SPECIFICALLY 
DESIGNED FOR HAZARDOUS (CLASSIFIED) LOCATIONS - EXPLOSION PROOF AND 
DUST-IGNITION PROOF. EXPLOSION-PROOF APPARATUS IS INTENDED FOR CLASS I 
LOCATIONS, WHILE DUST-IGNITtON*PROOF EQUIPMENT ISPRIMARILY INTENDED FOR 
CLASS II AND III LOCATIONS. EQUIPMENT APPROVED SPECIFICALLY FOR HAZARDOUS 
LOCATIOI^S CARRIES AN UNDERWRITERS' LABORATORIES, INC. (UL), LABEL AND 
INDICATES IN WHAT CLASS, DIVISION, AND GROUP OF LOCATION IT MAY BE IN- 
STALLED. SEE FIGURE 7B. EQUIPMENT APPROVED FOR USE IN A DIVISION 1 LOCATION 
MAY BE INSTALLED IN A DIVISION 2 LOCATION OF THE SAME CLASS AND GROUP. 
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LISTED ' ' . 

ELECTRIC LIGHTING FIXTURES FOR HAZARDOUS LOCATiaNS 

GROUP C 0 NO ■^^^HH^M :j'^\ -..jr' C. 

LISTED FOR LOCATIONS HAVING 'Ot POSH Of 
■ READILY COMBUST,lfiLE PAINT RESieut-;- 



CAUTION IC PHfVfM IGSiTiON OF HA^'ARDOuS 
ATMGSPHtRtS ni^LCSNtL; ^Hf HXIijRt . 
FROM IHf SUPPLY LIRLui' BE^G'Ht QPt'NSSQ' 
KEEP IIGHTLY CLOSEO WHEN \h OPERATION . 



FIGURF78. LABELSHOWING APPROVAL FOR USE IN 
HAZARDOUS (CLASSIFIED) LOCATIONS 



/ EXPLOSION-PROOF EQUIPMENT 

/ GENERALLY. EQUIPMENT INSTALLED IN CLASS I LOCATIONS MU^t'bE APPROVED 
' AS EXPLOSION.PROOF. SJNCE IT IS IMPRACTICAL TO KEEP FLAMMA^XE GASES OUT- 

/side of enclosures, arcing equipment must be installed' In enclosures 

/ THAT ARE DESIGNED TO WITHSTAND AN EXPLOSION. THIS MINIMIZES THE'RISK OF ' 
/ HAVING AN EXTERNAL E*XPLOSlON OCCUR WHEN A FLAMMABLE GAS ENTERS THE 
I ENCLOSURE AND IS IGNITED BY THE ARCS. SEE FIGURE 79. NOT ON LY MUST THE 
I EQUIPMENT BE STRONG ENOUGH TO WITHSTAND AN INTERNAL EXPLOSION, BUT 

I THE ENCLOSURES MUST BE DESIGNED TO VENT THE RESULTING EXPLOSIVE GASES. 

/ THIS VENTING MUST ENSURE THAT THE GASES ARE COOLED TO A TEMPERATURE - 



BELOW THAT OF IGNITION TEMPERATURE OF THE HAZARDOUS SUBSTANCE 
!NVOLVED BEFORE BEING RELEASED INTO THE HAZARDOUS ATMOSPHERE. 
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Seals are 
Placed in 
Threaded 
Conduit 



Specially designed equfpmant can 
be located in hazardous areas* 




Arcs and Sparks 
Colitdined Within an 
Approved Housing 



Seals Limit the 
Explosion to an 
Area Clo^e to 
the Source 




The equipment is designed so that only 
cool gases are allowed to vent to the 
surrounding hazardous area. 



WHEN ARCS AND SPARKS CAUSE IGNITION OF FLAMMABLE GASES, VAPORS AND 
LIQUIDS, THE EQUIPMENT CONTAINS THE EXPLOSION AND VENTS ONLY COOL GASES 
INTO THE SURROUNDING HAZARDOUS AREA, 

^ FIGURE 79. EXPLOSION OCCURRING IN APPROVED EQUIPMENT 
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WHEN AN INTERNAL EXPLOSION OCCURS, IT TENDS TO DISTORT T^E SHAPE OF THE 
ENCLOSURE FROM RECTANGULAR TO ELLIPTICAL AS EXAGGERATED IN FIGURE 80, ADE- 
QUATE STRENGTH IS ONE REQUIREMENT FOR tHE DESIgN OF AN EXPLOSION-PROOF 
ENCLOSURE; A SAFrPY FACTOR OF 4 IS GENERALLY USED. TO PREVENT FAILURE OF THE 
ENCLOSURE, OPENINGS ARE DESIGNED TO RELIEVE THE PRESSURE OF THE EXPANDING 
GASES. ALL JOINTS AND FLANGES ARE HELD TO NARROW TOLERANCES - THE AC- 
CUHATELY MACHINED JOINTS ACT TO COOL THE HOT GASES RESULTING FROM AN IN- 
TERNAL EXPLOSION SO THAT 8Y THE TIME THEY REACH THE OUTSIDE HAZARDOUS AT- 
MOSPHERE THEY ARE TOO COOL TO CAUSE IGNITION. 




FIGURE 80. INTERNAL EXPLOSlVg^PRESSURE 



THERE ARE TWO COMMON ENCLOSURE DESIGNS: THREADED-JOINT ENCLOSURES 
(SEE FIGURE 81) AND GROUND-JOINT ENCLOSURES (SEE FIGURE 82). WHEN HOT 
GASES TRAVEL THROUGH THE VERY SMALL OPENINGS IN EITHEII OF THESE JOINTS, 
THEY ARE COOLED 8EF0RE REACHING THE SURROUNDING HAZARd6uS ATMO- 
SPHERE. 

OTHER DESIGN REQUIREMENTS, SUCH AS SEALING, PRESENT THE PASSAGE OF 
GASES, VAPORS OR FUMES FROM ONE PORTION OF AN ELECTRICAL SYSTEM TO 
ANOTHER. MOTORS, WHICH VYPICALLY CONTAIN SPARKING BRUSHES OR COM- 
MUTATORS AND TEND TO HEAT UP, MUST ALSO 8E DESIGNED TO PROVIDE FOR THE 
CONTRbL OF INTERNAL EXPLOSIONS. ■ 
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I?L?n Tur ^^^^ METAU STRONG ENOUGH TO WITH- 

STAND THE MAXIMUM EXPLOSION PRESSURE OF A SPECIFIC <3R0UP OF HAZARDOUS 

GASES OR VAPORS. 

FIGURE 81. OPENINGS DESIGNED INTO THREADED JOINT 



Explosion 'Proof 
Enclosure 



Minimum Flame Path 
is 3/8 Inch 



Accurately Madiined Ground - Joint 
Ftange, Maximum Gap 0.0015 in. 
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HOT BURNING GASESARE COOLED AS THEY'PASS THROUGH THE GROUND-JOINT 
OF FLANGES, DESIGNED WITHIN NARROW STANDARD TOLERANCES. 

FIGURE 82. OPENINGS DESIGNED INTO GROUND JOINT 
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BECAUSE THE EXPLOSION CHARACTERISTICS OF HAZARDOUS SUBSTANCES VARY 
WITH THE SPECIFIC (VIATERIAL INVOLVED, EACH GROUP REQUIRES SPECIAL DESIGN 
CONSIDERATIONS. FOR CLASS t HAZARDOUS LOCATIONS, THERE A^BE FOUR GROUPS 
-A, B, C, ANDD. SEE TABLE 4A. DESIGN CHARACTERISTICS FOR THESE FOUR 
GROUPS REQUIRE THE CONTAINMENT OF MAXIMUM EXPLOSION PRESSURE, MAXIMUM 
SAFE CLEARANCE BETWEEN PARTS OF ENCLOSURES - INCLUDING THREADED JOINTS 
OR JOINTS THAT ARE GROUND TO NARROW TOLERANCES - AND OPERATION AT A 
TEMPERATURE BELOW THE IGNITION TEMPERATURE OF THE ATMOSPHERIC MIXTURE 
INVOLVED. 



TABLE 4A. CHEMICALP BY GROUPS - CLASS I 
GROUP A ATMOSPHERES: ACETYLENE 

GROUP B ATMOSPHERES: ACROLEIN (INHIBITED), ARS^^IE, BUTADIENE, ETHYLENE 
__ OKIDE^HYDROGEN^ MANUFACTURED GASES CONTAINING 

MORE THAN 30% HYDlRt)GHrfBYA/OLUME),'PROPYLENE — 

OXIDE, PROPYLNITRATE 

GROUPC ATMOSPHERES: ACETALDEHYDE, ALLYL ALCOHOL, N-BUTYRALDEHYDE, 

CARBON MONOXIDE, CROTONALDEHYDE, CYCLOPROPANE, 
DIETHYL ETHER, DIETHYLAMINE, EPICHLOROHYDRINE, 
ETHYLENE, ETHYLENlMINE, ETHYL MERCAPTAN, ETHYL 
SULPtDE, HYDROGEN CYANIDE, HYDROGEN SULFIDE, 
M0RPH0LINE,2-NITR0PR0PANE,l"ETRAHYDR0FURAN, 
UNSYMMETRICAL DIMETHYL HYDRAZINE (UDMH 1, 
1-DIMETHYL HYDRAZINE) 

GROUP D ATMOSPHERES: ACETIC ACID (GLACIAL), ACETONE, ACRYLONITRILE, 

AMMONIA. BENZENE, BUTANE, VBUTANOL (BUTYL 
ALCOHOL), 2-BUTANOL (SECONDARY BUTYL ALCOHOL), 
N-BUTYL ACETATE, ISOBUTYL ACETATE, DI-ISOBUTYLENE, 
ETHANE, ETHANOL (ETHYL ALCOHOL), ETHYL ACETATE, \ 
ETHYL ACRYLATE (INHIBITED), ETHYLENE DIAMINE 
(ANHYDROUS), ETHYLENE DICHLORIDE, ETHYLENE \ 
GLYCOL MONOMETHYL ETHER, GASOLINE, HEPTANES, 
HEXANES ISOPRENE, ISOPROPYL ETHER, MESlTYL OXIDE, 
METHANE (NATURAL GAS), METHANOL (METHYL ALCOHOL), 
3-METHYL-1-BUTAN0L (ISOAMYL ALCOHOL), METHYL 
ETHYL KETONE, METHYL ISOBUTYL KETONE, 2-METHYL- 

1- PROPANOL (ISOBUTYL ALCOHOL), 2-METHYL-2-PROPANOL 
(TERTIARY BUTYL ALCOHOL), PETROLEUM NAPHTHA, 
PYRIDINE, OCTANES, PENTANES, 1-PENTANOL (AMYL 
ALCOHOL), PROPANE, t-PROPANOL (PROPYL ALCOHOL), 

2- PROPANOL (ISOPROPYL ALCOHOL), PROPYLENE, 
STYRENE, TOLUENE, VINYL ACETATE, VINYL CHLORIDE, 
XYLENES 

SOURCE: TABLE 500-2, ARTICLE 500 - HAZARDOUS (CLASSIFIED) LOCATIONS, 1981 

NATIONAL ELECTRICAL CODE, NATIONAL FIRE PROTECTION ASSOCIATION, 
BOSTON, MASS. 



13,9 



122 



191C.307(b) 



DUST-IGNITION-PROOF EQUIPMENT 

IN CLASS iiVbTvisioN i'L^^ 

IGNITION-PROOF. SECTION 502-1 Or THE NEC DEFINES DUST-IGNITION-PROOF AS 
EQUIPMENT "ENCLOSED IN A MANNER THAT WILL EXCLUDE IGNITIBLE AMOUNTS 
OF DUST OR AMOUNTS THAT MIGHT AFFECT PERFORMANCE OR RATING AND THAT, 
WHERE INSTALLED AND PROTECTED IN ACCORDANCE WITH THIS CODE, Wl LL NOT 
PERMIT ARCS, SPARKS, OR HEAT OTHERWISE GENERATED OR LIBERATED INSIDE THE 
ENCLOSURE TO CAUSE IGNITION OF EXTERIOR ACCUMULATIONS OR ATMOSPHERIC 
SUSPENSIONS OF A SPECIFI ED DUST ON OR IN THE VICINITY OF THE ENCLOSURE." 

DUST-IGNtTION-PROOF EQUIPMENT IS DESIGNED TO KEEP IGNIl IBLE AMOUNTS OF 
DUST FROM ENTERING THE ENCLOSURE. IN ADDITION, DUST MAY ACCUMULATE ON 
ELECTRICAL EQUIPMENT, CAUSING OVERHEATING OF THE EQUIPMENT, AS WELL AS 
THE DEHYDRATION OR GR/^DUAL CARBONIZATION Of ORGANIC DUST DEPOSITS. 
OVERHEATED EQUlPMEfcllLMAY.MALF-UNCTION.AND CAU5£jflLElRE. JUiSTlHAT^HAS, , 
CARBONIZED IS SUSCEPTABLE TO SPONTANEOUS IGNITION OR SMOLDERING. THERE- 
FORE, EQUIPMENT MUST ALSO BE DESIGNED TO OPERATE BELOW THE IGNITION ■ 
TEMPERATURE OF THE SPECIFIC DUST INVOLVED EVEN WHEN BLANKETED. THE 
SHAPE OF THE ENCLOSURE MUST BE DESIGNED TO MINIMIZE DUST ACCl^MULATION 
WHEN FIXTURES ARE OUT OF REACH 01^ NORMAL HOUSEKEEPING ACTIVITIES, E.G., 
LIGHTING FIXTURE CANOPYS. 

IN CLASS It HAZARDOUS LOCATIONS THERE ARE THREE GROUPS - E, F, AND G. 
(SEE TABLE 4B.) SPECIAL DESIGNS ARE REQUI RED TO PREVENT DUST FROM ENTER- 
ING INTO THE ELECTRICAL EQUIPMENT ENCLOSURE. ASSEMBLY JOINTS AND MOTOR 
SHAFT OPENINGS MUST BE TIGHT ENOUGH TO PREVENT DUST FROM ENTERING THE 
ENCLOSURE. IN ADDITION THE DESIGN MUST TAKE INTO ACCOUNT THE INSULATING 
EFFECTS OF DUST LAYERS ON EQUIPMENT AND MUST ENSURE THAT THE EQUIPMENT 
WILL OPERATE BELOWTHE IGNITION TEMPERATURE OF THE DUST INVOLVED. IF 
CONDUCTIVE COMBUSTIBLE DUSTS ARE PRESENT, THE DESIGN OF EQUIPMENT MUST 
TAKE THE SPECIAL NATURE OF THESE DUSTS INTO ACCOUNT. 

IN general; EQUIPMENT WHICH IS APPROVED EXPLOSION-PROOF IS NOT DE- 
SIGNED FOR, AND !S NOT ACCEPTABLE FOR USE IN, CLASS II LOCATIONS, UNLESS 
SPECIFICALLY APPROVED FOR USE IN SUCH LOCATIONS. FOR EXAMPLE, SINCE GRAIN 
DUST HAS A LOWER IGNITION TEMPERATURE THAN THAT OF MANY FLAMMABLE 
VAPORS, EQUIPMENT APPROVED FOR CLASS I LOCATIONS MAY OPERATE AT A 
TEMPERATURE THA"^ IS TOO HIGH F.IR CLASS II LOCATIONS. ON THE OTHER HAND, 
EQUIPMENT THAT IS DUST-IGNITION-PROOF IS GENERALLY ACCEPTABLE FOR USE IN 
CLASS III LOCATIONS, SINCE THE SAME DESIGN CONSIDERATIONS ARE INVOLVED. 
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TABLE 4B. CHEMICALS BY GROUPS - CLASS It 

GROUP E ATMOSPHERES; METAL.DUST, INCLUDlNaAUUM.ldUMj MAGNESIUM, AND THEIR 

COMMERCIAL ALLOYS, AND OTHER METALS OF SIMIUARLY HAZARD- 
~ OUS CHARACTERISTICS HAVING RESISTIVITYOF 102 OHM-CENTIMETER 

OR LESS. 

GROUP F ATMOSPHERES: CARBON BLACK, CHARCOAL, COAL, OR COKE DUSTS 

GROUP G ATMOSPHERES. FLOUR. STARCH, GRAIN DUST, OR COMBUSTIBLE PLASTIC OR CHEMICAL 

DUSTS HAVING RESISTIVITY GREATER THAN 108 OHM-CENTIMETER. 

MARKING 

APPROVED EQUIPMENT MUST BE MARKED TD INDfCATE THE CLASS, GROUP, 
AND OPERATING TEMPERATURE RANGE (BASED ON A 40° C AMBIENT TEMPERATURE) ' 
IN WHICH IT IS DESIGNED TD BE USED. FURTHERMORE, THE TEMPERATURE 
MARKED ON THE EQUIPMENT MUST NOT BE GREATER THAN THE IGNITION TEMPER- 
ATURE OF THE SPECIFIC GASES OR VAPORS IN THE AREA. 

THERE ARE, HOWEVER, FOUR EXCEPTIONS TO THIS MARKING REQUIREMENT. 
FIRST, EQUIPMENT THAT DOES NO J PRODUCE HEAT {FOR EXAMPLE, JUNCTJON_B.QXES . ^. 
OR CONDUITS) AND EQUIPMENT THAT DOES PRDDUCE HEAT BUT THAT HAS A MAXI- 
MUM SURFACE TEMPERATURE OF LESS THAN 100*C (OR 212*F) ARE NOT REQUIRED TO 
BE MARKED WITH THE DPERATING TEMPERATURE RANGE. THE HEAT NDRMALLY 
RELEASED FROM THIS EQUIPMENT CANNDT IGNITE GASES, LIQUIDS, VAPORS, DR 
DUSTS. 

SECOND, ANY PERMANENT LIGHTING FIXTURES THAT ARE APPROVED AND 
MARKED FOR USE IN CLASS I, DIVISION 2 LOCATIONS DO NDT NEEDTO BE MARKED 
TD SHOW AbPECIFlC GROUP. THIS IS BECAUSE THESE FIXTURES ARE ACCEPTABLE 
FDR USE WITH ALLOF THE CHEMICAL oROUPS FOR CLASS I (THAT IS, GROUPS A, 
B,C, AND D). 

THIRD, FIXED GENERAL-PURPOSE EQUIPMENT IN CLASS I LOCATIONS, DTHER THAN 
LIGHTING FIXTURES, THAT IS ACCEPTABLE FOR USE IN DIVISION 2 LDCATIONS 
DDES NOT HAVE TD BE LABELED ACCORDING TD CLASS, GROUP, DIVISION, DR DPERATING 
TEMPERATURE. THIS TYPE DF EQUIPMENT DOES NOT CONTAIN ANY DEVICES THAT MIGHT 
PRODUCE ARCS OR SPARKS AND, THEREFORE, IS NOT A POTENTIAL IGNITION SOURCE. 
FOR EXAMPLE, SQUIRREL-CAGE INDUCTION MOTORS WITHOUT BRUSHES, SWITCHING 
MECHANISMS OR SIMILAR ARC-PRODUCING DEVICES ARE PERMITTED IN CLASS I, 
DIVISION 2 LDCATIONS (SEE NEC SECTION 501-8(b)); THEREFORE, THEY NEED 
NO MARKING. 

FOURTH, FOR pLASS II, DIVISION 2 AND CLASS III LOCATIONS, FIXED DUST- 
TIGHT EQUIPMENT (OTHER THAN UGHTING FIXTURES) IS NDT REQUIRED TO BE 
MARKED. IN THESE LOCATIONS, DUST-TIGHT EQUIPMENT DDES NOT PRESENT A 
HAZARD SO IT NEED NDT BE IDENTIFIED. 
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* SAFE FOR THE HAZARDOUS (CLASSIFIED) LOCATION 

UNOeR THIS OPTION, EQUIPMENT INSTALLED IN HAZARDOUS (CLASSIFIED) 
LOCATIONS MUST BE OF A TYPE AND DESIGN WHICH PROVIDES PROTECTION FROM 
tHE HAZARDS ARISING FROM THE COMBUSTIBILITY AND FLAMMABI LITY OF VAPORS, 
LIQUIDS, GASES, DUSTS, DR FIBERS. THE EMPLOYER HAS THE RESPONSIBILITY OF 
DEMONSTRATING THAT THE INSTALLATION MEETS THIS REQUIREMENT. GUIDELINES 
FOR INSTALLING EQUIPMENT UNDER THIS OPTION ARE CONTAINED IN THE 
NATIONAL ELECTRICAL CODE IN EFFECT AT THE TIME OF INSTALLATION OF THAT 
EQUIPMENT. COMPLIANCE WITH THESE GUIDELINES ARE NOT THE ONLY MEANS OF 
COMPLYING WITH THIS OPTION; HOWEVER, THE EMPLOYER MUST DEMONSTRATE 
THAT HIS INSTALLATION IS SAFE FDR THE HAZARDOUS (CLASSIFIED) LOCATION. 

THE FOLLOWING PARAGRAPHS SUMMARIZE INSTALLATION PRACTICES GIVEN IN 
THE 19B1 NEC. THESE PRACTICES WOULD BE AN ACCEPTABLE MEANS OF COMPLYING 
WITH THIS THIRD OPTION GIVEN FDR EQUIPMENT IN HAZARDOUS LOCATIONS. 

• CLASS I, DIVISION t 

~^^RTICL£"56t "oTTHE NATlONArELECTRICAL CODE (NEC) WnTAInT^" " " 

INSTALLATION REQUIREMENTS FOR E LECTRICAL Wl RING AND EQUIPMENT USED IN 
CLASS I HAZARDOUS AREAS. THE REQUIREMENTS AS tHEY PERTAIN TO CLASS I 
DIVISION t HAZARDOUS LOCATIONS ARE SUMMARIZED IN FIGURE 83.AND TABLES. 
THE REQUIREMENTS FDR CLASS I DIVISION 2 LOCATIONS ARE SUMMARIZED IN 
FIGURE83AND TA8LE6. 
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FIGURE 83, CLASS 1 DIVISION 1 HAZARDOUS LOCATION 
(SEE TABLE 5) 
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TABLE 5. SUMMARY OF EQUIPMENT REQUIREMENTS FOR 
CLASS I DIVISION 1 HAZARDOUS LOCATIONS 

(SEE FIGURE 83> 



A. METERS, RELAYS, ANO INSTRUMENTS, SUCH AS VOLTAGE OR CURRENT METERS AND PRESSURE 
OR TEMPERATURESENSORS. MUST BE IN ENCLOSURES APPROVED FOR CLASS I, DIVISION t 
LOCATIONS. SUCH ENCLOSURES INCLUDE EXPLOSION-PROOF ANOPURGEO ANO PRESSURI2E0 
ENCLOSURES. SEE NEC SECTION 5p1-3(a> . 

B. WIRING METHOOS ACCEPTABLE f=OR USE IN CLASS I OIVISION 1 LOCATION INCLUOE: THREAOEO 
RIGIO METAL OR STEEL INTERMEDIATE METAL CONOUIT ANO TYPE Ml CABLE. FLEXIBLE 
FITTINGS, SUCH AS MOTOR TERMINATIONS, MUST BE APPROVED FOR CLASS I LOCATIONS. ALL 
BOXES ANO ENCLOSURES MUST BE EXPLOSION-PROOF ANO THREAOEO FOR CONOUIT OR CABLE 
TERMINATIONS. ALL JOINTS MUST BE WRENCH TIGHT WITH A MINIMUM OF FIVE THREADS 

- ENGAGED. SEE NEC S01-4(3|. 

C. SEALING IS REQUIRED f=OR CONDUIT AND CABLE SVSTEMS TO PREVENT THE PASSAGE Df= 
GASES, VAPORS, AND FLAME FROM ONE PART OF THE ELECTRICAL INSTALLATION TO ANOTHER 
THROUGH THE CONDUIT. TYPE Ml CABLE INHERENTLY PREVENTS THIS FROM HAPPENING BY ITS 
CONSTRUCTION; HOWEVER, IT MUST BE SEALED TO KEEP MOISTURE ANO OTHER FLUIDS FROM 
ENTERING THE CHLE AT TERMINATIONS. SEE FIGURE 84. SEE ALSO NEC SECTION 501-5. 

(1) SEALS ARE REQUIRED WHERE CONDUIT PASSES FROM OIVISJDN 1 TO DIVISION 2 OR NON- 
HAZARDOUS LOCATIONS. 

(2) SEALS ARE REQUIRED WITHIN IS INCHES FROM ENCLOSURES CONTAINING ARCING DEVICES. 

(3) SEALS ARE REQUIRED IF CONDUIT IS 2 INCHES IN DIAMETER OR LARGER ENTERING AN 
ENCLt)SURE CONTAINtN&TeRMlNATIDNSrSPtfCESrOR TAPSr^EE FIGURE 85-FOR A 

DESCRI1?TIDN OF SEALS. 

0. DRAINAGE IS REQUIRED WHERE LIQUID OR CONDENSED VAPOR MAY BE TRAPPED WITHIN AN 
ENCLOSURE OR RACEWAY. AN APPROVED SYSTEM OF PREVENTING ACCUMULATIONS OR TO 
PERMIT PERIODIC DRAINAGE ARE TWO METHODS TO CONTROL CONDENSATION OF VAPORS 
AND LIQUID ACCUMULATION. SEE NEC SECTION 50V6(ft. 

E. ARCING DEVICES, SUCH AS SWITCHES, CIRCUIT BREAKERS, MOTOR CONTROLLERS, ANO FUSES, 
MUST BE APPROVED FDR CLASS I LOCATIONS. SEE NEC SECTION 501-6(A>. 

F. MOTORS SHALL BE 

(1) APPROVED FOR USE IN CLASS I, DIVISION 1 LOCATIONS; 

(2) TOTALLY ENCLOSED WITH POSITIVE PRESSURE VENTILATION; 

(31 TOTALLY ENCLOSED INERT GAS-FILLEO WITH A POSITIVE PRESSURE WITHIN THE 
ENCLOSURE;DR 

[4| submergedinaflammableliquioorgas. 

the last kino of installation is permissible, however, only when there is pressure on 
the enclosure that is greater than atmospheric pressure ano the liquid or gas is 
ONLY Flammable in air. this type df motor is not permitted to be energized until it 

HAS BEEN PURGEDOF ALL AIR. THE LATTER THREE TYPES OF MOTORS MUST BE ARRANGED TO BE 
DE ENEFIGIZEO SHOULD THE PRESSURE FAIL OR THE SUPPLY DF LIQUID OR GAS FAIL - AS WITH 
THE SUBMERGED TYPE TYPES (2) AND (31 MAYNOT OPERATE AT A SURFACE TEMPERATURE ABOVE 
80 PERCENT DF THE IGNITION TEMPERATURE OF THE GASOR VAPOR INVOLVED. SEE NEC SECTION 
50t-8(a> 

G LIGHTING FIXTURES, BOTH FIXED AND PORTABLE, MUST BE EXPLOSION-PROOF ANO GUARDED 
AGAINST PHYSICAL DAMAGE. SEE NEC SECTION 50t-9(a>. 

H. FLEXIBLE CORDS MUST BE DESIGNED FDR EXTRA HARD USAGE, CONTAIN AN EQUIPMENT 

GROUNDING CONDUCTOR (SEE FIGURE 831, BE SUPPORTED SO THAT THERE WILL BE NO TENSION 
ON THE TERMtNALCDNNECTIONS, AND BE PROVIDED WITH SEALS WHERE THEY ENTER 
EXPLDSION PRDOF ENCLOSURES. SEE NEC SECTION 501-11. — 

NOTE: NEC-NATIONAL ELECTRICAL CODE, NFPA 70, 
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TABLES (CONTINUED) 

I. RECEPTACLES AND ATTACHMENT PLUGS FOR USE WITH PORTABLE EQUIPMENT MUST BE 

APPROVED EXPLOSION-PROOF AND PROVIDED WITH AN EQUIPMENT GROUNDING CONNECTION. 
SEE NEC SECTION 50M2. 

J. SIGNALING, ALARM, REMOTE CONTROL AND COMMUNICATIONS SYSTEMS ARE REQUIRED TO BE 
APPROVED FOR CLASS I, DIVISION 1 LOCATIONS REGARDLESS OF VOLTAGE. SEE NEC SECTION 
50M4(A). 

K. EQUIPMENT GROUNDING IS REQUIRED OF ALL NON-CURRENT-CARRYING METAL PARTS OF THE 
ELECTRICAL SYSTEM. tN ADDITION, LOCK NUTS AND 8RUSHINGS MUST NOT BE RELIED UPON FOR 
ELECTRICAL CONNECTION BETWEEN RACEWAYS AND EQUIPMENT. tF LOCKNUTS AND BUSHINGS 
ARE USED, BONDING JUMPERS ARE REQUIRED. SEE NEC SECTION 50M6. 

NOTE: NEC-NATIONAL ELECTRJCAL CODE, NFPA 70. 

^ 

THE FOLLOWING SECTIONS FURTHER EXPLAIN REQUIREMENTS FOR TYPE Ml CABLE, 
SEALING, MOTORS, GROUNDING. AND BONDING. 

TYPE Ml {MINERAL INSULATED) CABLE 



Magnesium 
Oxide 



Seamle55 Copper 
Sheath 




'IT 



. . • ' 'J 




Bare Conductors 




Bare Copper Conductor 



Magnesium Oxide 



Copper Sheath 



TYPE Ml CABLE IS A MINERAUNSUUTED CABLE OF COPPER CONDUCTORS IN TIGHTLY 
COMPRESSED MAGNESIUM OXIDE THAT IS ENCLOSED IN A LIQUIDTlGHT AND GASTIGHT COPPER 
COVERING. SINCE TYPE Ml CABLE FITTINGS SUITABLE FOR NONHAZARDOUS LOCATIONS MAY NOT 
B6 EXPLOSION PROOF, FITTINGS USED WITH THE CABLE MUST BE SPECIALLY DESIGNED FOR CLmSS I 
LOCATIONS. BOXES, FITTINGS, AND JOINTS USED WITH T>iE CABLE MUST ALSO BE EXPLOSION 
PROOF. 



FIGURE 84, CONSTRUCTION OF TYPE Ml 
(MINERAL INSULATED) CABLE 
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SEALING 




Sealing 



Sealing 
Compound to 
Prevent 
Passage of 
Flames or 
Vapor Through 
the Conduit 

VERTICALSEAL 



Sealing 



Cover May Be 
Removed for 
Inspecting Seal 



Sealing. 
Compound 



Rib. Holds 
Seal Securely 

Integral 
Bushing 

Fiber Dam 




-Detachable 

Bakelite 
Baffle. 
Baffle Prevents 

Seal From 
Contacting Cover 



Explosion-Proof 
Automatic Drain 
Pre ve nts Accumulation 
of Water Above the Seal 



DRAIN AND INSPECTION SEAL 



A FIBER DAM IS PLACED IN THE CONDUIT WHERE IT ENTERS THE SEAL FITTING. THIS SERVES TO 
COhtTAIN THE SEALING COMPOUND WHILE IT HARDENS. THE SEALING COMPOUND FORMS A TIGHT 
SEAu TO PREVENT THE PASSAGE OF VAfORS OR FLAMES THROUGH THE CONDUlT SYSTEM. SEE NEC 
SECTION 501-5. 

FiGUREdS. SEALING 
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MOTORS 



Explosion-Proof 
Housing 



Wide Flange 
on Starter Cover 




Cooling Vanes 



FIGURE 86 SHOWS-AN INTERNAL VIEW OF A TOTALLY ENCLOSED FAN-COOLED EXPLOSION-PROOF 
MOTOR. THE ROTOR AND ITS WINDINGS AND FAN ARE COMPLETB-Y ENCLOSED. AN INTERNAL 
SEAL, A WidE FLANGE ON THE STARTER COVER, AND A CLOSE-FITTING JOURNAL PREVEN . THE 
ESCAPE OF HOT GASES OR FUMES FROM THE ENCLOSURE. AN INTERNAL FAN CIRCULATES 
AIR INSIDE THE ENCLOSURE. TRANSFERRING THE HEAT FROM THE WINDINGS TO THE 
BJCLOSURE. THE FRAME OR ENCLOSURE IS EXPLOSION-PROOF AND MAY HAVE AN EXTERNAL FAN 
THAT FORCES AIR OVER ITS OUTSIDE SURFACES. THIS FORCED EXTERNAL CIRCULATION WILL 
PROVIDE MORE EFFECTIVE MOTOR COOLING THAN WOULD NATURAL AIR CIRCUWTION. HOWEVER 
NONE OF THIS EXTERNAL AIR COMES IN CONTACT WITH THE WINDINGS. 

FIGURE 86. DESIGN FEATURES OF A TOTALLY ENCLOSED 
FAN-COOLED, EXPLOSION-PROOF MOTOR 
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Grounding terminal fur bonding tfie 
equipment grounding conductor from 
the flexible conduit to tbe box. 



A* Type Ml cable termination 




Depending on the ar«a, thi» Junction 
box may have to be explo»1on proof 



At leaet ffvo threads must be engaged 
If box b explosion-proof 



B. Liqufd tight flexible conduit 
connectfon. Equipment groutnling 
conductor or a bondfng jumper 
arcund conduit i» required 



NOTE: If locknuts atn) buthlngt were used to 
make cable connection*/ then bonding jumpert 
are required. 

C.^ Rigid Conduitr No additional conductor 
- for groutK3ln9 is required. 



iN Cl^SS I DIVISI0N.1 AND DIVISION 2 HAZARDOUS LOCATIONS, EXPpSE) NON*CURRENT^ARRYING 
METAL PARTS OF EQUIPMENT, SUCH AS FRAMES AND CABINETS, MUST BE GROUNDED. THE GROUND 
MOST PROVIDE A PATH BACK TO THE SOURCE 1*^ AN ACCIDE^^TAL FAULT OCCURS. 

BONDING IS ALSO REQUIRED TO PROVIDE A PERMANEm* GROUND FOR EXPOSED METAL PARTS. TO BE 
CONSIDERED EFFECnye,.BONDING MUST PREVENT THE OCCURRENCE OF ARCS OR SPARKS CAUSED BY 
POOR CONNECTIONS. FIGURE S7 SHOWS A TYPICAL GROUNDING AND BONDING TECHNIQUE. SEE NEC 
ARTICLE 2S0 AND SECTION 50M& I 

SPECIAL CARE MUST BE TAKEN TO) MAKE PROPEF BONDING CONNECTIONS NOT ONLY TO ASSURE THAT 
THERE IS A CONTINUOUS EQUIPMEWT GROUNDING PATH BUT TO BE POSITIVE THAT NO ARCING OR 
SPARKING WILL TAKE PLACE BETWEEN CONNECTIONS^ LOCK NUT^BUSHINGS AND DOUBLMOCK NUT 
CONNECTORS CANNOT BE REUED UPON FOR BONDING PURPOSES, FIGURE S7 ILLUSTRATES THREE 
TYPICAL ARRANGEMENTS OF CONDUIT AND CABLE CONNECTIONS TO AN EXPLOSION PROOF ENCLOSURE, 
AND BONDING METHODS. THESE ARE: A) TYPE Ml CABLE TERMINATION, B) FLEXIBLE CONDUIT 
CONNECTION, AND C) RIGID CONDUIT CONNECTION. 

I 

FIGURE 87. BONDING IN CLASS I HAZARDOUS (CLASSIFIED) LOCATIONS 
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CUSS 1 DIVISION 2 . 

THE REQUIREMENTS FOR CUSS I DIVISION 2 HAZARDOUS LOCATIONS ARE 
SUMMARIZED IN FIGURE 88 AND TABLE 5 AS FOLLOWS: 



■ . NoTi'Mazardou; Area or a 

\~r* c Clais I Divition 1 

'^Location 



— ^iTHi ^~T* — B 



Clast ( Divition 2 
Hazardous Area 




FIGURE 88, CLASS I OIVISION 2 HAZARDOUS LOCATIONS 

(SEE TABLE 6) 
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TA8LE6. SUMMARY OF CLASS 1. DIVISION 2 HAZARDOUS LOCATIONS 

■1 

(SEE FIGURE 88) 



A. METERS, INSTRUMENTS AND RELAYS IN Cl-ASS 1, DIVISION 2 LOCATIONS MUST BE IN APPROVED 
EXPLOSION PROOF ENCLOSURES. HOWEVER, GENERAL-PURPOSE EQUIPMENT MAY BE USED, 

IF CIRCUIT INTERRUPTING CONTACTS ARE IMMERSED IN OIL OR ENCLOSED IN A HER- 
METICALLY SEALED CHAMBER OR IN CIRCUITS THAT DO NOT RELEASE ENOUGH ENERGY TO 
IGNITE THE HAZARDOUS ATMOSPHERE. SEE NECSECTION 501-3(bl. 

B. WIRING METHODS. GENERALLY, THREADED RIGID OR INTERMEDIATE CONDUITOR TYPES 
PLTC, MI,MC, MV,TC, OR SNM CABLE SYSTEMS MUST BE USED. BOXES AND FITTINGS ARE NOT 
REQUIRED TO B^EXPLp'^lpN PROOF UNLESS THEY ENCLOSE ARCING OR SPARKING DEVICES. 
SEE NECSECTION 50M(bf.^ 

C. SEALS ARE REQUIRED TOp ALL CONDUfT SYSTEMS CONNECTED TO EXP LOS ION- PROOF ENCLOSURES. 
SEALS ARE ALSO. REQUIRED WHERE CONDUfT PASSES FROM HAZARDOUS TO NON-HAZARDOUS 
AREAS OR FROM'dIVISION 1 TO DIVISON 2 AREAS. (SEEJJEC SECTION SOI-Sfb). 

\ ■ t 

D. DRAINAGE IS REQUIf^ED WHERE LIQUID OR CONDENSED VAPOR MAYBE TRAPPED WITHIN AN 
ENCLOSURE OR /^L^Otslfa A RACEWAY. SEE NEC SECTION BOLSlfl. - ^ . 

E. MOST ARCING DEVICES ARE REQUIrIoTOBE IN EXPLOSION -PR OOF ENCLOSURES. THESE 
INCLUDE ITEMS SUCfH AS SWITCHES, CIRCUIT BREAKERS, MOTOR CONTROLLERS AND FUSES. 
HOWEVER, GENERAL PURPOSE ENCLOSURES MAY BE USEO FOR CLASS 1, DIVISION 2 LOCATIONS. 
IF THE ARCING AND SPARKING PARTS ARE C0NTAINE6 IN A HERMETICALLY SEALED CHAMBEP 
OR ARE OIL IMMEpSED. SEE NECSECTION 501-6(b). 

F. MOTORS. GENERATORS AND OTHER ROTATING ELECTRICAL MACHINERYSUITABLE FOR USE IN 
CLASS 1, DIVISION 1 LOCATIONS ARE ALSO ACCEPTABLE IN CLASS I, DIVISION 2 LOCATIONS. 
OTHER MOTORS MUST HAVE THEIR CONTACTS, SWITCHING DEVICES, AND RESISTANCE DEVICES 
IN ENCLOSURES SUITABLE FOR CLASS I, DIVISION 2 LOCATIONS (SEE NOTE E, ABOVE|. MOTORS 
WITHOUT BRUSHES, SWITCHING MECHANISMS, OR SIMILAR ARC-PRODUCING DEVICES ARE ALSO 
ACCEPTABLE. SEE NEC SECTION 501-8lb). 

G. ' LIGHTING FIXTURES IN CLASS 1 DIVISION 2 LOCATIONS MUST BE TOTALLY ENCLOSED AND 

PROTECTED FROM PHYSICAL DAMAGE. IF NORMAL OPERATING SURFACE TEMPERATURES 
EXCEED 80 PERCENT OF THE IGNITION TEMPERATURE OF THE GAS, LIQUID OR VAPOR 
INVOLVED. THEN £X|»LOSI0N-PRO0F FIXTURES MUST BE INSTALLED. SEE NEC SECTION 501.9(b). 

H. FLEXIBLE CORDS IN DIVIS'ONS 1 AND 2 ARE REQUIRED TO: 1) BE SUfTABLE h'OR EXTRA HARD USAGE, 
2) CONTAIN (kU equipment GROUNDING CONDUCTOR, r BE CONNECTED TO TERMINALS IN AN 
APPROVED MANNERj 4) BE PROPERLY SUPPORTED, AND 9 BE PROVIDEO WITH SUITABLE 

SEALS WHERE NECESSARY. SEE NEC SECTION 501-11, 

I. IN GENERAL, RECEPTACLE^ AND ATTACHMENT PLUGS MUST BE APPROVED FOR CLASS 1 LOCATIONS. 
SEE NEC SECTION 50^-12. 

J. SIGNALING SYSTEM^ AND OTHER StMIL/^ SYSTEMS: SEE NECSECTION 501-14. 

K, EQUIPMENT GROUNDjNG IS REQUIRED OFALL NON-CURRENT-CARRYING METAL PARTS OF THE 
ELECTRICAL SYSTEM, INADDfTlON, LOCK NUTS AND BUSHINGS MUST NOT BE RELIED UPON FOR 
ELECTRICAL CONNECTION BETWEEN RACEWAYS ANO EQUIPMENT IF LOCKNUTS AND BUSHINGS 
ARE USED, BONDING JUMPERS ARE REQUIRED, SEE NEC SECTION 501-16. 

NOTE: NEC-NATIONAL ELECTRICAL CODE, NFPA 70, 
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Non -Hazardous Area or a Class II Division 2 Location 
Class II Division 1 or Division 2 Hazardous Area 




FIGURE 89, CLASS II HAZARDOUS LOCATIONS 
(SEE TABLE 7) 
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CLASS II HAZARDOUS LOCATIONS 

ARTICLE 502 OF THE NATIONAL ELECTRICAL CODE (NEC) IS CONCE RNED WITH 
THE INSTALLATION REQUI REMENTS FOR ELECTRICAL WIRING AND EQUIPMENT USED 
IN CLASS II HAZARDOUS AREAS. THE REQUIREMENTS AS THEY PERTAIN TO CLASS II 
DIVISION 1 AND DIVISION 2 LOCATIONS ARE SUMMARIZED IN FIGURE B9AND 
TABLE 7. 

CLASS II LOCATIONS ARE HAZARDOUS BECAUSE OF THE PRESENCE OF COMBUST- 
IBLE DUST. AS DISCUSSED PREVIOUSLY, THESE DUSTS ARE BROKEN DOWN INTO 
THREE GROUPS - E, F, AND G. THE DUSTS ARE ALSO DIVIDED INTO TWO CATEGORIES: 
CONDUCTIVE {HAVING RESISTIVITY LESS THAN 10* OHM-CENTIMETER) AND NON- 
CONDUCTIVE. WHERE CONDUCTIVE DUSTS ARE PRESENT, THERE ARE ONLY CLASS II, 
DIVISION 1 LOCATIONS. GROUP E DUSTS ARE CONDUCTI VE, SOME GROUP F DUSTS 
ARE CONDUCTIVE, AND GROUP G DUSTS ARE NONCONDUCTIVE. 
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TABLE 7. SUMMARY OF CLASS II HAZARDOUS LOCATIONS 

{SEE FIGURE 89) 



A. WIRING METHODS FOp CLASS II, DIVISION 1 LOCATIONS: BOXES AND FITTINGS CONTAINING 
ARCING AND SPARKING PARTS ARE REQUIRED TO BE IN DUST-IGNITION-PROOF ENCLOSURES. 
FOR OTHER THAN FLEXIBLE CONNECTIONS THREADED METAL CONDUIT OR TYPE Ml CABLE WITH 
APPROVED TERMINATIONS IS REQUIRED FOR CLASS II, DIVISION 1 LOCATIONS. SEE NEC SECTION 502-4(a) 

IN CLASS II DIVISION 2 LOCATIONS, BOXES ANO FITTINGS ARE NOT REQUIRED TO BE DUST- 
IGNITION PROOF BUT MUST BE DESIGNED TO MINIMIZE THE ENTRANCE OF DUST AND PREVENT 
THE ESCAPE OF SPARKS OR BURNING MATERIAL IN ADOtTION TO THE WIRING SYSTEMS 
SUITABLE FOR DIVISION 1 LOCATIONS, THE FOLLOWING SYSTEMS ARE SUITABLE FOR DIVISION 2 
LOCATIONS; ELECTRICAL METALLIC TUBING, DUST-TIGHT WIREWAYS, ANO TYPES MC AND SNM 
CABLES. SEE NEC SECTION 502-4(b). 

B. SUITABLE MEANS OF PREVENTING THE ENTRANCE OF DUST INTO A DUST IGNITION PROOF 
ENCLOSURE MUST BE PROVIDED WHERE A RACEWAY PR0VIDF*5 A PATH TO THE DUSTIGNITION- 
PROOF ENCLOSURE FROM ANOTHER ENCLOSURE THAT COULD ALLOW THE ENTRANCE OF OUST 
SEE FIGURES 90-92, ALSO SEE NEC SECTION 602-5. 

C. SWITCHES, CIRCUIT BREAKERS, MOTOR CONTROLLERS, ANO FUSES INSTALLED IN CLASS tl, 
OIVISION 1 LOCATIONS MUST BE OUST-IGNITION PROOF. 

IN CLASS II, OIVISION 2 AREAS, ENCLOSURES FOR FUSES, SWITCHES, CURCUIT BREAKERS, AND 
MOTOR CONTROLLERS MUST BE DUST-TIGHT SEE NEC SECTION 502-6. 

D. IN CLASS II, DIVISION 1 LOCATIONS, MOTORS, GENERATORS, AND OTHER ROTATING ELECTRI- 
CAL MACHINERY MUST BE DUSTIGNITION PROOF ORTOTALLY ENCLOSED PIPE VENTILATED. 

IN CLASS II, OIVISION 2 AREAS, ROTATING EQUIPMENT MUST BE ONE OF THE FOLLOWING TYPES: 

1) DUST-IGNITION-PROOF, 

2) TOTALLY ENCLOSEDPIPE VENTILATED, 

3) TOTALLY ENCLOSEO NONVENTILATED, OR 
4} TOTALLY ENCLOSEO FAN COOLEO. 

UNDER CERTAIN CONDITIONS, STANDARD UFENTYPE MACHINES ANO SELF-CLEANING SQUIR 
RELCAGE MOTORS MAY BE USED. SEE NEC SECTION 502-8, 

E. IN CLASS II, OIVISION 1 LOCATIONS, LIGHTING FIXTURES MUST BE OUST-IGNITION PROOF. 

LIGHTING FIXTURES IN CLASS II OIVISION ? LOCATIONS MUST BE DESIGNED TO MINIMIZE AC- 
CUMULATION OF DUST AND MUST BE ENCLOSED TO PREVENT THE RELEASE OF SPARKS OR 
HOT IWHTAl.. 

IN BOTH DIVISIONS, EACH FIXTURE MUST BE CLEARLY MARKED FOR THE MAXIMUM WATTAGE 
OF THE LAMP, SO THAT THE MAXIMUM PERMISSIBLE SURFACE TEMPERATURE FOR THE FIXTURE 
IS NOT EXCEEDED. ADDITION ALLY, FIXTURES MUST BE PROTECTED FROM DAMAGE. SEE NEC 
SECTION 502-11. 

F. FLEXIBLE CORDS IN DIVISIONS 1 ANO 2 ARE REQUIRE© TO; 1) BE SUITABLE FOR EXTRA HARD 
USAGE, 2) CONTAIN AN EQUIPMENT GROUNDING CONDUCTOR, 3) BE CONNECTED TO TERMINALS 
IN AN APPROVED MANNER, 4) BE PROPERLY SUPPORTED, AND 5) BE PROVIDED WITH SUITABLE 
SEALS WHERE NECESSARY. SEE NEC SECTION 502-12. 

G. RECEPTACLES AND ATTACHMENT PLUGS USED IN CLASS II, DIVISION 1 AREAS ARE REQUIRED 
TO BE APPROVED FDR CL^SS II LOCATIONS AND t^ROVIDED WITH A CONNECTION FOR AN EQUIP 
MENT GROUNDING CONDUCTOR. 

IN njVISION 2 AREAS, THE RECEPTACLE MUST BE "ESIGNED 50 THE CONNECTION TO THE SUP- 
PLY CIRCUIT CANNOT BE MADE OR BROKEN WHILE THE PARTS ARE EXPOSED. THIS IS COM- 
MONLY DONE WITH AN INTERLOCKING ARRANGEMENT BETWEEN A CIRCUIT BREAKER AND THE 
RECEPTACLE. THE PLUG CANNOT BE REMOVED UNTIL THE CIRCUIT BREAKER IS IN THE OFF 
POSITION, AND THE BREAKER CANNOT BE SWITCHED TO THE ON POSITION UNLESS THE PLUG . 
IS INSERTED INTHERECEPTACLE. SEENEC SECTION 602-13. 



NOTE; NEC-NATIONAL ELECTRICAL CODE, NFPA 70. ^ ~ , 
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TABLE 7 (CONTINUED) 

H. SJGNALING SYSTEMS ANDOTHER SIMILAR SYSTEMS:SEE NEC SECTION 502-14. 

I. EQUIPMENT GROUNDING IS REQUIRED OF ALL NON-CURRENT-CARRYING METAL PARTS OF THE 
ELECTRICAL SYSTEM. LOCK NUTS AND BUSHfNGS MUST NOT BE REUED UPON FOR ELECTRICAL 
CONNECTION BETWEEN RACEWAYS AND EQUIPMENT ENCLOSURES. IF LOCKNUTS DR BUSHINGS 
ARE USED, BONDING JUMPERS ARE REQUIRED. SEE NEC SECTION 502-16. 

NOTE: NFC-NATIONAL ELECTRICAL CODE, NFPA70. 



IN GENERAL, EQUIPMENT IN CLASS II, DIVISION 1 LOCATIONS SHOULD BE DUST- 
IGNITION PROOF, WHILE EQUIPMENT IN DIVISION 2 LOCATIONS NEED ONLY BE DUST 
TIGHT. ADDITIONALLY, EQUIPMENT SHOULD BE ABLE TO FUNCTION AT FULL RATING 
WITHOUT CAUSING EXCESSIVE DEHYDRATION OR CARBONIZATION OF ORGANIC 
DUST DEPOSITS. MAXIMUM OPERATING SURFACE TEMPERATURES ARE GIVEN IN 
TABLE 8. SINCE SOME GROUP G CHEMICAL AND PLASTIC DUSTS HAVE IGNITION 
TEMPERATURES APPROACHING OR BELOW THOSE GIVEN IN THE TABLE, EQUIPMENT 
USED WITH SUCH OUSTS SHOULD HAVE EVEN LOWER OPERATING SURFACE 
TEMPERATURES. 



TABLE 8. MAXIMUM SURFACE TEMPERATURES 





EQUIPMENIi'TKAT 
IS NOT SUBJECT 
TO OVERLOADING 


EQUIPMENT {SUCH AS MOTORS OR POWER 
TRANSFORMERS) THAT MAY BE OVERLOADED 


NORMAL OPERATION 


ABNORMAL OPERATION 


CLASS II 
GROUP 


DEGREES 
"C 


DEGREES 
*F 


DEGREES 
?C 


DEGREES 
'F 


DEGREES 
°C 


DEGREES 

'F 


E 


200 


392 


200 


392 


200 


392 


F 


200 


392 


150 


302 


200 


392 


G 


165 


329 


120 


24B 


165 


329 



SOURCE: TAB'. K 502-1 OF THE NATIONAL ELECTRICAL CODE, NFPA80-19B1. 
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THE FOLLOWING SECTIONS FURTHER EXPLAIN THE REQUIREMENTS FOR TRANS- 
FORMERS AND CAPACITORS, SEALING, PIPE VENTILATION, ANO GROUNDING ANO 
BONOING IN CLASS II HAZARDOUS LOCATIONS. 



TRANSFORMERS ANO CAPACITORS 

IN CLASS M.OlVIStON 1 LOCATIONS, ALL TRANSFORMERS ANO CAPACITORS MUST 
BE INSTALLED IN VAULTS OR MUST BE APPROVED AS A COMPLETE ASSEMBLY FOR 
CLASS II LOCATIONS. IN DIVISION 2 AREAS, TRANSFORMERS AND CAPACITORS CON- 
TAINING LIQUIDS THAT WtLL BURN MUST BE INSTALLED IN A VAULT. HOWEVER, 
NO TRANSFORMER OR CAPACITOR MAY BE INSTALLED WHERE ALUMINUM, 
MAGNESIUM, OR OTHER METALS OF SiMi LARLY HAZARDOUS CHARACTERISTICS 
MAY BE PRESENT. 



Junction 8ox Not Required To 
Be Dust-lgnitton-Proof 




Sealing Fitting 



Du$t-lgnition>Proof 
Enclosure 



WHEN DUST-iGMITtON-KROOF ENCLOSURES ARE IN A DUST-HAZARD AREA (CLaSS II DfVISlON 1 AND 
DIVlSlOl^^ 2) AMD ARE CONNtCTED BY A RACEWAY TO A NON DUST lGNITlON PROOF ENCLOSURE 
WHICH IS STILL IN A CLASS II LOCATION, DUST MUST NOT GET IMTO THE APPROVED ENCLOSURE 
THROUGH THE RACEWAY. (NEC SECTION 502-5) 

f-:GURi; 90. PREVENTING DUST FROM ENTERING THE DUST- 
IGNITIDN-PRODF ENCLOSURE BY SEALING BETWEEN 
ENCLOSURES 

THIS CAN 3F. ACCOMPLISHED IN ONE OF THE FOLLOWING WAYS: 
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(1) BY INSTALLING PERMANENT, EFFECTIVE SEALS WITH F ITTINGS THAT ARE EASY 
TO REACH FOR REPAIRS. SEE FIGURE 90. 

(2) BY ARRANGING 10-FOOT OR LONGER RACEWAYS (HORIZONTALLY BETWEEN EN- 
CLOSURES. SEE FIGURE 91. 

155' 



-Junction Box, Not Requlrodto Be 
0 U3M g ntti on- P roof 



'Mtnimum 10' 



Oust- Ignition -Proof Enclosure 




FIGURE 91. PREVENTING DUST FROM ENTERING THE DUST- 
IGNITION-PROOF ENCLOSURES BY HORIZONTAL 
DISTANCE (NO SEAL) 

(3) ARRANGING 5-FOOT OR LONGER VERTICAL RACEWAYS THAT EXTEND DOWN- 
WARD FROM THE DUST-lGNITION-PROOF ENCLOSURE TO A GENERAL PURPOSE 
ENCLOSURE. SEE FIGURE 92. 




FIGURE 92. PREVENTING DUST FROM ENTERING THE DUST- 
IGNITION-PROOF ENCLOSURE 8Y VERTICAL DISTANCE 

(NO SEAL) 
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PIPE VENTI LATION 



Exhaust to a 
Safe Aiea 



Pipe- Ventilated Motor 
Meeting Temperature 
Limitations 



Driven 
Machinery 



/ 



Ventilating 
Pipe» 



Continuous 
Outside Supply 
Air 



t 

r > 




\ 



Enclosure it 
Dust Tight to 

Prevent the 
Entry of DusU 



PIPE-VENTILATED MOTORS, GENERATORS OR OTHER ROTATING ELECTRICAL MACHINtRYMUST 
BE ENCLOSED IN A DUST-TIGHT ENCLOSURE THAT IS CONNECTED TO OUTSIDE CLEAN AIR. 

IN CLASS II DIVISION 1 LOCATIONS, VENTILATING PIPE MUST BE DUST-TIGHT - THAT IS, CON- 
STRUCTED TO MINIMIZE THE ENTRANCE OF DUST. SEE NEC SECTION 5Q2-9(a)- 

IN CLASS II DIVISION 2 LOCATIONS, VENTILATING PIPE MUST BE TIGHT ENOUGH TO PREVENT TH? 
ENTRANCE OF APPRECIABLE QUANTITIES OF OUST AND TO PREVENT SPARKS AND BURNING 
MATERIAL FROM ESCAPING. SEE NEC SECTION 502-9(b). 

FIGURE 93 ILLUSTRATES A PIPE-VL.iTILATED MOTOR FOR CLASS II DIVISION 1 AND 2 AREAS. 
FIGURE 93. TOTALLY ENCLOSED PIPE-VENTI LATED MOTOR 
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GROUNDING AND BONDING 



A. Type Ml cable termination 



Grounding terminal for bonding the equipment 
grounding conductor frorr the flexible conduit 
to the box. 




Depending on the area this junction 
box may have to be DunOgnition -Proof 



At least five threads must be engaged 
If box iff dust-lffnition proof. 



Liquid t}ght flexible conduit 
connection. Equipment grounding 
conductor or a bonding jumper 
around conduit ii required. 



NOTE: If locknutsand bushings wereu»ed to 
make cable connections, then bonding jumpers 
are required. 



-C. Rigtd Conduk. No additional conductor 
for grounding ii required. 



IN CLASS II LOCATIONS ALL EXPOSED NON CURRENT-CARRYING METAL PARTS OP THE ELECTRICAL 
SYSTEM MUST BE GROUNDEO. BONDING JUMPERS A^IE USED TO PREVENT ARCS ACROSS JOINTS 
AND ASSURE GROUNDING AROUND FLEXIBLE CONNECTIONS. 

FIGURE 94. BONDING IN CLASS II HAZARDOUS (CLASSIFIED) LOCATIONS 
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CLASS III HAZARDOUS LOCATIONS 

CLASS III HAZARDOUS LOCATIONS ARE AREAS WHERE IGNITABLE F IBE RS AND 
FLYINGS ARE PRESENT. IN GENERAL, EQUIPMENT ACCEPTABLE FOR USE IN CLASS 
M, DIVISION 2 LOCATIONS IS ALSO ACCEPTABLE FOR INSTALLAT'ON IN CLASS IM 
LOCATIONS. EQUIPMENT IN CLASS III LOCATIONS SHOULD BE ABLE TO OPERATE AT 
FULL RATING WITHOUT CAUSING EXCESSIVE DEHYDRATION OR CARBONIZATION OF 
ACCUMULATED FIBERS OR FLYINGS. THE MAXIMUM OPERATING SURFACE TEMPER- 
ATURE IS 165°C (329° F) for EQUIPMENT THAT IS NOT SUBJECT TO OVERLOADING, 
AND 120*C(248'F) FOR EQUIPMENT THAT MAY BE OVERLOADED. 

FIGURE 95 AND TABLE 9SUMMARIZE SOME OF THE REQUIREMENTS FOR 
INSTALLATIONS iN CLASS III LOCATIONS. 
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FiGURE 95. CLASS III HAZARDOUS LOCATIONS 
(SEE TABLE 9) 



TABLE 9. SUMMARY OF CLASS III HAZARDOUS LOCATIONS 

(SEE FIGURE 95) 

A, IN CLASS 111 HAZARDOUS LOCATIONS, WIRING MUST BE WITHIN A THREAOED METAL CONDUIT 
OR BE OF TYPE Mi OR MC CABLE UNLESS FLEXIBIUTY IS REQUIREO. FITTINGS AND BOXES ARE 
REQUIRED TO PROVIDE AN ENCLOSURE WHICH WILL PREVB\)T THE ESCAPE OF SPARKS OR 
BURNING MATERIAL. SFiE NEC SECTION 503,3 

B, SWITCHES, CIRCUIT BREAKERS, MOTOR CONTROLLERS, AND SIMILAR DEVICES USED IN CLASS 
III HAZARDOUS LOCATIONS MUST BE WITHIN TIGHT METAL ENCLOSURES THAT ARE DESIGNED 
TO MINIMIZE THE ENTRY OF FIBERS AND FLYINGS AND MUST NOT HAVE ANY OPENINGS 
THRDUGH WHICH SPARKS OR BURNING MATERIALS MIGHT ESCAPE SEE NEC SECTION J03^ 

C. MOTORS, GENERATORS, ANO OTHER ROTATING ELECTRIC MACHINERY MUST BE TOTALLY 
ENCLOSED NONVENTILATED, TOTALLY ENCLOSED PIPE-VENTILATED, OR TOTALLY ENCLOSED 
FANCOOLED. THE WINDINGS OF TOTALLYENCLOSED NONVENTILATED MOTORS ARE COM- 
PLETELY ENCLOSED IN A TIGHT CASING AND ARE COOLED BY RADIATION AND CONDUCTION 
THROUGH THE FRAME. ENCLOSED PIPE-VENTILATED MOTORS HAVE OPENINGS FOR A VENT* 
ILATING PIPE, WHICH CONVEYS AIR TO THE MOTOR AND THEN DISCHARGESTHE AIR TO A SAFE 
AREA. SEE FIGURE93. IN TOTALLY ENCLOSED FAN-COOLED MOTORS THE W.NDINGS ARE COOLED 
BY AN INTERNAL FAN THAT CIRCULATES AIR INSIOE THE ENCLOSURE. UNDER CERTAIN CON- 
DITIONS. SELF-CLEANING TEXTILE MOTORS AND STANDARD OPEN-TYPE MACHINES MAY8E USED, 
(SEE NECSECTION 603-60 

D. LIGHTING FIXTURES MUST HAVE ENCLOSURES DESIGNED TO MINIMIZE THE ENTRYOF FIBERS, 
TO PREVENTTHE ESCAPE OF SPARKS OR HOT METAL, ANDTO HAVE A MAXIMUM EXPOSED SUR- 
FACE TEMPERATURE OF LESS THAN 165 C, (NEC SECTION 503-9) 

NOTE; NEC-NATIONAL ELECTRICAL CODE, NFPA 70. 
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IN ADDITION, REQUIREMENTS PERTAINING TO CRANES AND HOISTS, EXPOSED LIVE 
PARTS, AND GROUNDING ARE SUMMARIZED AS FOLLOWS: 

CRANES AND HOISTS 

ELECTRIC CRANES, HOISTS, AND SIMILAR EQUIPMENT INSTALLED OR LOCATED 
TO OPERATE OVER AREAS WHERE COMBUSTIBLE FIBERS ARE PRESENT MUST HAVE 
AN UNGROUNDED POWER SUPPLY THAT IS ISOLATED FROM ANY OTHER SYSTEM. 
ALSO, SUCH EQUIPMENT MUST HAVE A MEANS OF ALARMING AND AUTOMATICALLY 
DE ENERGI2ING THE CONTACT CONDUCTORS WHEN A GROUND FAULT OCCURS. A 
GROUND FAULT INDICATOR WHICH GIVES VfSUAL AND AUDIBLE ALARM IS ALSO 
ACCEPTABLE IF THE ALARM IS MAINTAINED UNTIL THE CIRCUIT IS OPENED. THE 
CONTACT CONDUCTORS SHOULD BE LOCATED SO THAT THEY ARE GUARDED 
AGAiNST TAMPERING AND CONTACT BY FOREIGN OBJECTS. THE CURRENT COL- 
LECTORS MUST HAVE PROTECTION TO PREVENT THE ESCAPE OF SPARKS OR HOT 
PARTICLES, AND THEY MUST BE KEPT FREE OF LINT ACCUMULATIONS (SEE NEC 
SECTION 503-13,) 

LIVE PARTS 

LIVE PARTS OTHER THAN CONTACTS AND COLLECTORS FOR CRANES AND HOISTS 
MAY NOT BE EXPOSED IN CLASS III LOCATIONS. 

GROUNDING 

GROUNDING REQUIREMENTS FOR CLASS III LOCATIONS ARE THE SAME AS THOSE 
FOR CLASS It LOCATIONS (SEE NECSECTIONS 503-16 AND 502-16), 



(e) Conduits . A^l conduits shall be threaded and shall be mode wrenehtight. Where it 
is impractical to make a threaded joi;it tight, a bonding jumper shall be utilized. 

(d) Equipment in Division 2 locations. Equipment that has been approved for a Division 
I location may be installed in a Division 2 location of the same class and group. 
General-purpose equipment or equipment in general-purpose enclosures may be 
installed in Division 2 locations it* the equipment does not constitute a source of 
ignition under normal operating conditions. 
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SI91Q.3Q8 Special systems. 

(a) Systems over 600 volts, nominal . Paragraphs (aXl) throu^ (a)(4) of this section cover 
the general requirements for all circuits and equipment operated at over 600 volts. 
(1) WirjM methods for fixed installations . 

Above-ground conductors ^all be installed in rigid metal conduit, in inter- 
mediate metal conduit, in cable trays, in cabl^us, in other suitable race- 
ways, or as open runs of metal-clad cable suitable for the use,and purpose. 
However, open runs of non-metallic-sheathed cable or of bare conductors 
or busbars may be installed in locations accessible only to qualified persons. 
Metallic shieldii^ components, such as tapes, wires, or braids for conductors, 
• shall be grounded. Open runs of insulated wires and cables having a bare 

lead sheath or a braided outer coverii^ shall be supported in a manner de-; 
signed to prevent physical damage to the braid or 'sheath. 



• FOR INSTALLATIONS OVER 600 VOLTS, INSULATED CONDUCTORS AND CABLES 
WHICH HAVE A LEAD SHEATH OR METAL-BRASDED OUTER COVERING MUST BE SUP- 
PORTED SO THAT THE SHEATH OR COVERING IS NOT DAMAGED. THE METALLIC 
SHEATH OR BRALD FOR OPEN CONDUCTORS IS GROUNDED TO PROVIDE A PATH FOR 
FAULT CURRENT TO OPERATE CIRCUIT BREAKERS IN THE EVENT OF A FAULT. ANY 
DAMAGE TO THE SHIELDING MAY CAUSE THE CONTINUITY OF THIS GROUND PATH 
TO Bfe BROKEN. 

IN^ ADDITION, METAL BRAIDS AND LEAD SHEATHS PROVIDE PROTECTION FOR 
CONDUCTOR INSULATION. IF.^FHE LEAD SHEATH tS DAMAGED, MOISTURE MAY PENE- 
TRATE THE INSULATION, PROVIDING A PATH FOR A GROUND FAULT. 

FIGURE 96 SHOWS AN EXAMPLE OF A PROPERLY SUPPORTED CABLE AND AN 
EXAMPLE OF THE DAMAGE WHICH COULD RESULT SHOULD THE CA3LE BE 
IMPROPERLY SUPPORTED. 




FIGURE 96. IMPROPERLY SUPPORTED CABLE 
AND PROPERLY SUPPORTED CABLE. 
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(ii) Conductors emerging, from the ground shall be enclosed in approved race- 
ways. (See §I9I0.302(b)(3)J 

(2) Interrupting and isolating devices . 

TD Circuit breaker installations located indoors shall consist of metal-enclosed 
units or fire-resistant cell-mounted units. In locations accessible only to 
qualified personnel, open mounting of circuit breakers is permitted.-. A means 
. of indicating the open and closed position of circuit breakers shall be provided. 

(ii) Fused cutouts installed in buildings or transformer vaults shall be of a type 
approved for the purpose. They shall be readily accessible for fuse replace- 
ment. 

(iii) A means shall be provided to completely isolate equipment for inspection 
and repairs. Isolating means which are not designed to interrupt the load 
current of the circuit shall be either interlocked with an approved circuit 
interrupter or provided with a sign warning against opening them under load. 



• INTERRUPTING AND ISOLATfNG DEVfCES ARE SWITCHES USED TO DISCONNECT 
POWER IN A CIRCUIT SO SERVICE AND MAINTENANCE WORK ON EQUIPMENT DOWKP' 
STREAM OF THE SWITCH CAN BE ACCOMPLISHED SAFELY. FIGURE 97 IS A SCHEMATIC' 
ILLUSTRATION OF TWO ISOLATING SWITCHES USED TO DE-ENERGiZE A PIECE OF 
EQUIPMENT FOR MAINTENANCE AND REPAIR. IN THIS CASE, TWO SWITCHES ARE 
USED TOSECTIONALIZE A HIGH VOLTAGE GRID TO PREVENT BACK-FEED CURRENT 



Isolating 
Switches ^ 



Separate 
Power ■ 
Source 



1 




X 



Uq Current Flow Acrou 
Equipment Bein? Servit^d 



Lo4d 



r 



Separate 
» Power 
Source 



Load 



FIGURE 97. ISOLATING SWITCHES 

TO THE UNIT BEING SERVICED. INTERRUPTING DEVICES THAT ARE RATED FOR HIGH 
VOLTAGE APPLICATION, 600 VOLTS OR MORE, INCLUDE AIR BREAK AND OIL- 
IMMERSED SWITCHES. THESE SWITCHES OPERATE IN AN ENCLOSURE WHICH IS FILLED 
WITH AIR OR OIL TO SUPPRESS ARCiNG AND FLASH-OVER DURING OPERATiON. 

ISOLATING SWITCHES INTENDED FOR USE AS LOAD-INTERRUPTING DEVICES MUST 
BE RATED FOR THE SHORT CIRCUIT CURRENT LOAD OF THE CIRCUIT THE IHTER- 
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RUPT. ISOLATING^SWITCHES CAN, HOWEVER, BE USED IN ACfRCUIT AND NOT BE 
RATED AS AN INTERRUPTING DEVICE, BUT ONLY IF CERTAIN PRECAUTIONS ARE 
FOLLOWED, IF THE SWITCHES ARE NOT DESIGNED TO BE OPENED UNDER LOAD, . 
ARCING AND FLASH-OVER MAYOCCUR AND CAUSE SEVERE DAMAGE TO THE EQUIP- 
MEf5TANDSERIOUSl|jJURYtOTHE EMPLOYEE OPERATING THE SWITCH JF AN , 
ISOLATING MEANS tS USED BUT IS NOT DESIGNED TO INTERRUPT THE CI RCUIT 
WHILE THE SWITCH tS CARRYII^G CURRENT, IT SHALL EITHER BE INTERLOCKED WITH 
A RATED CIRCUIT INTERRUPTER OR BE PROVIDED WITH A SIGN WARNING AGAINST 
OPENING IT UNDER LOAD, IN EITHER CASE, CURRENT THROUGH Th*.oWITCH MUST BE - 
STOPPED BEFORE THE NON-RATED SWITCH CAN BE OPENED. 



(3) Mobile and portable equipment . 

TD Power cable eonneetions to mobile machines . A met&llie enclosure shall 
be provided on the mobile machine for enclosing the terminals of the power 
cable. The enclosure shall include provisions for a solid connection foe the 
ground wire^s) terminal to effectively ground the machine frame. The method 
of cable termination used shall prevent any stp.ain or pull on the cable from 
stressing fhe\ electrical connections. The enclosure shall have provision 
for locking so only authorized qualified persons may open it and shall be 
marked with a sign warning of the presence of energized parts. 

(ii) Guarding live barts . All energized switching and control parts shall be 
enclosed in effectively grounded metal cabinets or enclosures. Circuit 
breakers and protective equipment shall have the operating means projecting 
through the metal cabinet or enclosure so these units can be reset-without 
. locked doors bei\ig opened. Enclosures and metal cabinets shall be locked , 
so that only authorized qualified persons have access and shall be marked 
with a sign wamihg of the presence of energized parts. Collector ring 
assemblies on revolving-type machines (shovels, draglines, etc.) shall be 
guarded. V 

(4) Tunnel installations . \ 

TD Application . The pri^visions of this paragraph apply to installation and use 
of hjgh-voltage powei: distribution and utilization equipment which is port- 
able and/or mobile, such as substations, trailers, cars, mobile shovels, drag- 
lines, hoists, drills, dreages, compressors, pumps, conveyors, and underground 
excavators. \ ^ . 

(ii) Conductors . Conductorain tunnels shall be installed in one or more of tl;e 
following: \ 

(a) Metal conduit or other metal raceway, 

(b) Type MC cable, or \ . - - 
(e) Olhe^ approv€|d multiconductor cable. 

Conductors shall also be so ^ncated or guarded as to protect them from 
physical damage. Multiconductor portable cable may supply mobile 
equipment. An equipment grounding conductor shall be run with circuit 
conductors inside the metal rficeway or inside the multiconductor cable 
jacket. The equipment grounding conductor may be insulated or bare. 

(iii) Guarding live parts . Bare terminals of transformers, switches, motor cori- 
trollers, and other equipment shall be enclosed to prevent accidental con- 
tact with energized parts. Enclosures for use in tunnels shall be drip-proof, 
weatherproof, or submersible as required by the eavironmental conditions. 
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(iv) Diseonneeting means . A disconnecting means that simultaneously opens 
all ungrounded conductors shall be installed at each transformer or motor 
location. 

(v) Grounding and bonding . All nonenergized metal parts of electric equipment 
and metal raceways and cable sheaths shall be effectively grounded and 
bonded to all metal pipes and rails at the portal and at intervals not exceed- 
ing 1000 feet throughout the tunnel. 

(b) Emergency power systems . 

{\} Scope . The provisions for emergency systems apply to eircptts, systems, and 
equipment intended to supply power for illumin^^tion and special loads, in the event 
of failure of the normal supply. \ 
• (2) Wiring methods . Emergency circuit wiring shall be kept entirely independent 
of all other wirir^ and equipment and may not enter the same raceway, cable, 
box, or cabinet as other wiring except either where common circuit elements 
suitable for th$ purpose are required, or for transferring power from the normal 
to the emergency source. 



o WIRING METHODS FOR EMERGENCY POWER SYSTEMS^ 

EMERGENCY CIRCUITWIRING MUST BE COMPLETELY INOEPENOENT OF AND 
PHYSICALLYSEPARATEDFROM ALL OTHER WIRING AND EQUIPMENT. SUCH WIRING 
MUST NOT ENTER RACEWAYS, BOXES, CAB LESSOR CABINETS THAT CONTAIN OTHER 

WIRING. THIS ENSURESTHATANYFAULTONTHE.NORMAL WIRING CIRCUITS WILL 

> 

NOT AFFECT THE PERFORMANCE DF iHE EMERGENCYSYSTEM. 

THERE ARE TWD EXCEPTIONS TO THIS REQUIREMENT. FIRST, WHERE POWER IS 
JRANSFERREO FROM THE NORMAL SOURCE TO THE EMERGENCY SOURCE, THE 
TRANSFER SWITCH REQUIRES CIRCUIT WIRING FROM BOTH SOURCES TO ENTER THE 
SAME BOX OR CABINET. SECOND, IF COMMON CIRCUIT ELEMENTS IN EQUIPMENT ARE 
SUITABLE FOR EMERGENCY AND NORMAL LIGHTiNo PURPOSES, BOTH SYSTEMS 
MAY OCCUPY THE SAME ENCLOSURE. FDr" EXAMPLE, THE JUNCTION BOX FOR A 
LIGHTED EXIT SIGN, WHICH IS SUPPLIED UNDER NORMAL CONDITIONS BY A REGULAR 
BRANCH CIRCUIT, MAY ALSO CONT/SftWEmEBGENCY SYSTEM CONDUCTORS. 
SEE FIGURE 98. ' > / ' 
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Detail of lunction box being supplied by 
normal and emergency circuits. 



Lightetf exit sign supplied by two tourcds 
through a common junction box. 



FIGURE 98. NCriMAL AND EMERGENCY LIGHTING CIRCUiTS WHERE 
PERMITTED IN W COMMON JUNCTION SOX 
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(3) Emergency illuminetiGn . Where emergency lighting is necessary, the system 
shall be so arranged that the failure of any individual lighting element, such as 
the burning out of a light bulb, cajinot leave any space in total darkness, 
(c) Class 1, Class 2» and Class 3 remote control^ signaling,. and power-limited circuits . 

(1) Classifioation . Class 1> Class 2, oe^ Class 3 remote control, signaling, or power- 
limited circuits are characterized by their usage and electrical power limitation 
which lifferendates them from ligbt and power circuits. These circuits are 
classifi ^ in accordance with their respective voltage and power limitations as 
summarized in paragraphs (c)(l)(i) through (c)(l)(iip of this section. 

(i) Cl£ss) l circuits , \ 

(a) A Class 1 powerHimited circuit is supplied from a source having a 
1 rated output of not more \han 30 volts and 1000 volt-amperes, 

(b) A Class 1 remote control circuit or a Class 1 signaling circuit has 

a voltage which does not exceed 600 volts; however, the power out- 
put of the sourf!e need not be limited. 

(ii) Class 2 and Cla^s 3 circuits . \ 

(a) jPower for Class 2 and Class \3 circuits is limited either inherently 
(in which no overcurrent prot^ection is required) or by a combination 
bf a/power source and overcutrent protection. 
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(iii) 



\ .b) The maximum circuit voltage is 150 volts AC or DC for a Class 2 
\ ~ inherently limited power source, and 100 volts AC or DC for a Class 
\ 3 inherently limited power source. 

(c) The maximum circuit voltage is 30 volts AC and 60 volts DC for a 
Class 2 power source lirpited by overcurrent protection, and 150 volts 
AC or DC for a Class 3 power source limited by overcurrent protection. 
The maximum circuit voltages in paragraphs (eXl)(i) and (c)(l)(ii) of tliis 
section apply to sinusoidal AC or continuouj DC power sources, and where 
wet contact occurrence is not likely. 



• CLASS 1, CLASS 2, AND CLASS 3 REMOTE CONTROL, SIGNALING, AND POWER- 
LIMITED CIRCUITS 
CLASS 1 CIRCUITS 

CLASS 1 POWER-LIMITED CIRCUITS ARE SUPPLIED FROM A POWER SOURCE THAT 
HAS A RATED OUTPUT OF NOT MORE THAN 30 \/OLTS AND A POWER LIMITATION OF 
1,000 VOLT-AMPS. CLASS 1 POWER-LIMITED CIRCUITS HAVE A CURRENT LIMITER ON 
THE POWER SOURCE THAT SUPPLIES THEM. THIS LIMITER IS AN OVERCURRENT 
PROTECTION DEV . HAT RESTRICTS THE AMOUNT OF SUPPLY CURRENT TO THE 
CIRCUIT IN THE EVENT OF AN OVE"" ' O^D, SHORT CIRCUIT OR GROUND FAULT. 
THESE CLASS 1 CIRCUITS MAY 8E SUPPLIED FROM A TRANSFORMER OR OTHF-R TYPE 
OF POWER SUPPLY SUCH AS GENERATORS OR BATTERIES. SEE FIGURE 99. 

Class 1 Power Source 

Current-Limiting 
Fuse 



Indicator 
Light for a 
Control 
Console 




F1GURE99. EXAMPLE OF ACLASS1 POWER-LIMITED CIRCUIT 



CLASS 1 REMOTE CONTROL OR SIGNALING CIRCUITS ARE PERMITTED TO OPERATE 
AT UP TO 600 VOLTS AND HAVE NO LIMITATION ON THE POWER RATING OF THE 
SOURCE. CLASS 1 SYSTEMS GENERALLY MUST MEET MOST WIRING REQUIREMENTS 
FORPOWERANDLIGHTCIRCUITS. CLASS 1 .DEMOTE CONTROL CIRCUITS ARE COM- 
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MONLY USED IN MOTOR CONTROLLERS THAT OPE RATE MECHNICAL PROCESSES, 
ELEVATORS, CONVEYORS, AND EQUIPMENT THAT IS CONTROLLED FROM ONE OR 
MORE REMOTE LOCATIONS. CLASS 1 SIGNALING CIRCUITS ARE USED IN NURSES' 
CALL SYSTEMS IN HOSPITALS, ELECTRIC CLOCKS, BANK ALARM SYSTEMS, AND 
FACTORY CALLSYSTEMSv SEEFIGUHE 100-. 
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Motor Supply Voltage or 
Separate Power Source 



Current Limiting Fuse 
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This Tranrformer Is Used for 
Control, Not for Power 

Class 1 Remote Control Circuit 




Rer;iote Control Cabinet 
(n :or controller) 



230/460 VAC 
Three Phase 
Process Motor 



FIGURE 100. EXAMPLE OF A CLASS 1 REMOTE CONTROL CIRCUIT 



CLASS 2 AND CLASS 3 CIRCUITS 

THE POWER FOR CLASS 2 AND CLASS 3 CIRCUITS MUST BE INHERENTLY LIMITED, 
WHICH REQUIRES NO OVERCURRENT PROJECTION, OR MUST BE LIMITED BY COMBIN- 
ING A POWER SOURCE AND OVERCURRENT PROTECTION. THESE CIRCUITS CAN BE 
INHERENTLY LIMITED BY POWER-LIMITEDTRANSFORMERSTHAT HAVE HIGH 
IMPEDENCE WINDINGS TO LIMIT POWER OUTPUT. BATTERIES ALSO AR& COMMON 
POWERSOURCES THAT ARE INHERENTLY LIMITING. 

HEATING SYSTEM THERMOSTATS ARE COMMONLY CLASS 2 SYSTEMS. FIGURE 
101 SHOWS A CURRENT-LIMITING 24-VOLT, CLASS 2 CIRCUIT FOR A BOILER 
THERMOSTAT CONTROL. 

THE MAJORITY 01- SMALL BELL, BUZZER, AND ANNUNCIATOR SYSTEMS ARE 
CLASS 2 CIRCUITS. CLASS 2 ALSO INCLUDES SMALL INTERCOMMUNICATING TELE- 
PHONE SYSTEMS IN WHICH THE VOICE CIRCUIT IS SUPPLIED BY A BATTERY AND THE 
RINGING CIRCUIT BY A TRANSFORMER. 

CLASS 2 AND 3 SYSTEMS DO NOT REQUIRE THE SAME WIRING METHODS AS 
POWER, LIGHT AND CLASS 1 SYSTEMS; HOWEVER A 2" SEPARATION IS REQUIRED 
BETWEEN THESE SYSTEMS. 
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Supply 
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Low Water/Over Pressure 
Relay 



Boiler Fuel Pump 
Drive Motor 



Thermostat 
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Boiler 
Control 
Panel 




24 Volt Circuit Class 2 via 
Current- Limiting Transfbrfner 
Located in the Boiler Cont'ro) 
Patiel 



To Boiler Ignition 
Circuit 



FIGURE 101. THERMOSTAT CONTROL CIRCUIT, CLASS 2 



TABLE 10 PRESENTS A COMPARISON OF CLASS 1,CLASS2, AND CLASS 3 CIRCUITS, 
INCLUDING COMMON USES. 
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TABLE ia COMPARISON OF CLASS 1. 2, AND 3 REMOTE CONTROL, SIGNALING, 

AND POWER-LIMITED CIRCUITS 



COMMON 
AC/DC 
SOURCE 



POWER 
LIMITING 
DEVICE 



MAXIMUM'* 
POWER OUTPUT 
(VOLT- AMPERES) 



VOLTAGE** 
LIMITATION 
(VOLTS) 



COMMON 
USES 



CLASS 1 CIRCUITS 

POWER LIMITED 



REMOTE CONTROL 
AND SIGNALING 
CIRCUITS 



AC OR DC OVERCURRENT 
DEVICE 



1,000 



AC OR DC OVERCURRENT NO POWER 

DEVICE LIMITATIONS 



30 



600 



REMOTE MOTOR 
CONTROL CIRCUITS 

BANK ALARM SYSTEMS 
CALL SYSTEMS IN 
HOSPITALS 



CLASS 2 CIRCUITS 

INHERENTLY LIMITED 



AC OR DC 



TRANSFORMER 
WITH HIGH 
RESISTANCE 
WINDINGS 



100 



150 



OVERCURRENT DEVICE 
LIMITED 



AC 



OVERCURRENT 
DEVICE 



250 



30 



OC 



OVERCURRENT 
DEVICE 250 



60 



OIL BURNER 
CONTROL CIRCUIT 

SMALL BELL, BUZZER, 
OR ANNUNCIATOR 
SYSTEM 



SMALL INTERCONNECTED 
TELEPHONE SYSTEMS 



CLASS 3 CIRCUITS 

INHERENTLY LIMITED ACOR DC 



TRANSFORMER 
WITH HIGH 
RESISTANCE 
WINDINGS 



100* 



100 



OVERCURRENT DEVICE ACOR DC 
LIMITED 



OVERCURRENT 
DEVICE 



250 



150 



170 



MAXIMUM NAMEPLATE RATING OF POWER SOURCE 

NOTE: MAXtMUM POWER OUTPUT AND VOLTAGE LIMITATIONS CONTAINED IN THIS TABLE 
ARE AT DIFFERENT CIRCUIT VOLTAGES. BOTH POWER OUTPUT AND VOLTAGE 
LIMITATION MUST BE SATISFIED. FOR MORE INFORMATION REFER TO ARTICLE 725 
OF THE NATIONAL ELECTRICAL CODE. 
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(2) Marking . A Class 2 or Class 3 power supply unit shall be durably marked where 
plainly visible to indicate the class of suppL ^nd its electrical rating. (See 
11910.302(b)(3).) 

(d) Firg protective signaling systems . (See a910.302(b)(3).) 

(1) Classifications . Fire protective scaling circuits ^all be classified 

either as non-power limited or power limited. ' 

(2) Power sources . The power sources for use with fire protective signaling circuits 
shall be either power limited or nonlimited as follows: 

(i) The power supply of non-power^ltmited fire protective s^naling circuits 
shall have an output volt^e not in excess of 600 volts. 

(ii) The power for power-limited fire protective signaling circuits ^all be either 
inherently limited, in whidi no overcurrent protection is required, or limited 
by a combination of a power source and overcurrent protection. 

• (3) Non-[)ower-limited conductor location . Non-power-limited fire protective signaling 
circuits jnd Class 1 circuits may occi^y the same enclosure, cable, or raceway 
provided eJl conductors are insulated for maximum voltage of any conductor with- 
in the enclosure, cable, or raceway. Power supply and fire protective signaling 
circuit conductors are permitted in the same enclosure, caMe, ^r raceway only 
if connected to the same equipment. 



• NON-POWER-LIMITEO CONDUCTOR LOCATION 

NON-POWER-LIMITEO FIRE PROTECTIVE SIGNALING CIRCUITS MAY INCLUDE 
CIRCUITS THAT ARE PART OF A CENTRAL STATION SIGNALING SYSTEM, A SPRINKLER 
WATER FLOW ALARM, OR A LOCAL FIRE ALARM IN A 8UIL0ING. VOLTAGES FOR 
THESE CIRCUITS RANGE UP TO 600 VOLTS. THESE CIRCUITS ARE PERMITTED TO 8E 
LOCATED IN THE SAME ENCLOSURE, CABLE, OR RACEWAY AS CLASS 1 CIRCUITS IF 
THE INSULATION ON ALL OF THE WIRES Wl'i HIN THAT ENCLOSURE ARE RATED FOR 
THE HIGHEST VOLTAGE OF AMY CONDUCTOR THEREIN. 

POWER SUPPLY CONDUCTORS ARE NOT USUALLY PERMITTEO IN THE SAME 
ENCLOSURE, CABLE, OR RACEWAY AS FIRE PROTECTIVE CONDUCTORS BECAUSE A 
FAULT OR OVERCURRENT CONDITION IN THE POWER SUPPLY CONDUCTOR COULD 
DAMAGE THE FIRE PROTECTIVE CIRCUITS. THIS WOULD CAUSE THE FIRE PROTECTIVE 
SIGNAL CIRCUIT TO MALFUNCTION AND PERHAPS NOT TRANSMIT A NEEDED ALARM 
OR FIRE SIGNAL HOWEVER, POWER SUPPLY CONDUCTORS AND FIRE PROTECTIVE 
SIGNALING CIRCUITS MAY OCCUPY THE SAME ENCLOSURE IF THEY ARE CONNECTED 
TO THE SAME EQUIPMENT. - 
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• (4) Power-limited conductor location . Where ogen conductors are installed, powep- 
iimitea tire protective signaling circuits shall be separated at least 2 inches from 
conductors of any light, power, Class 1, and non-power-limited fire protective 
signaling circuits unless a special and equally protective method of conductor 
separation is employed. Cables and conductors of two or more power-limited 
fire protective signaling circuits or Class 3 circuits are permitted in the same 
cable, enclosure, or raceway. Conductors of one or more Class 2 circuits are 
permitted within the same cable, enclosure, or raceway with conductors of power- 
limited fire protective signaling circuits provided that the insulation of Class 
2 circuit conductors in the cable, enclosure, or raceway is at least that needed 
for the power-limited fire protective signaling circuits. 



• POWER-LIMITED CONDUCTOR LOCATION 

SINCE POWER-LIMITED CONDUCTORS ARE USUALLY LIGHT GAUGE WfRE WITH LOW 
VOLTAGE RATING AND OPERATE AT LOWER VOLTAGES AND POWER RATINGS THAN 
CLASS 1 CIRCUITS, POWER CIRCUITS, AND NON-POWER-LIMITED CI RCUITS, SPECIAL 

MEASURES MUST BE TAKEN TO KEEP THESE CONDUCTORS PHYSICALLY SEPARATE. 
GENERALLY, THE POWER-LIMITED CIRCUIT CONDUCTORS MUST BE SEPARATED FROM 
THESE OTHER CIRCUITS BY AT LEAST 2 INCHES. HOWEVER, THE DIFFERENT CIRCUITS 
MAY BE CLOSER: 1) IF THE LIGHT, POWER, CLASS I, OR NONPOWER-LIMITED CIRCUIT 
IS IN A RACEWAY OR IN A SHEATHED, METAL-CLAD, OR TYPE UF CABLE, OR 2) IF THE 
POWER-LIMITED CIRCUIT CONDUCTORS ARE SEPARATED FROM THE OTHER CIRCUITS 
BY A NONCONDUCTOR, SUCH AS PORCELAIN TUBES OR FLEXIBLE TUBING, IN 
ADDITION TO THE CONDUCTOR INSULATION. 

BECAUSE OF THE DIFFERING OPERATING VOLTAGES AND INSULATION LEVELS OF 
POWER-LIMITED SIGNALING CIRCUITS, THEIR CONDUCTORS ARE ONLY PERMITTED TO 
BE LOCATED WHERE NOT SUBJECT TO DAMAGE OR INTERFERENCE FROM OTHER 
TYPES OF CIRCUITS. CLASS 3 CI RCUITS AND POWER-LIMITED Fl RE PROTECTIVE 
SIGNAL CIRCUITS OPERATE AT SIMILAR VOLTAGES AND POWER LEVELS. THEREFORE, 
THE CONDUCTORS AND CABLES OF TWO OR MORE POWER-LIMITED FIRE PROTECTIVE 
SIGNALING CIRCUITS OR CLASS 3 CIRCUITS MAY OCCUPY THE SAME ENCLOSURE. 
HOWEVER, POWER-LIMITED Fl RE PROTECTIVE SIGNALING CI RCUITS AND CLASS 2 
CIRCUITS DIFFER IN OPERATING VOLTAGES AND INSULATION, AND THEY ARE 
PERMITTED IN THE SAME ENCLOSURE ONLY WHEN THE INSULATION OF THE CLASS 2 
CONDUCTORS fS COMPARABLE TO THAT OF THE FIRE PROTECTIVE CI RCUIT. SEE 
FIGURE 102. 
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FIGURE 102. FIRE PROTECTION SIGNALING CIRCUIT CONDUCTORS 



o (5) Ideatifieatioa . Fire protective signaling circuits shall be identified at terminal 
and junction locations in a manner which will prevent unintentional interference 
with tire signaling circuit during testing and servicing. Power-limited fire pro- 
tective signaling circuits shall be durably marked as such where plainly visible 
at terminations. 



• IDENTIFICATION 

IDENTIFICATION FOR FIRE PROTECTIVE SIGNALING CIRCUITS IS REQUIRED SO 
THAT THESE SYSTEMS ARE NOT INTERFERED WITH DURING MAINTENANCE 
OPERATIONS. BECAUSE THESE ARE ESSENTIAL SYSTEMS, THIS REQUIREMENT IS 
INTENDED TO PROTECT SIGNALING CIRCUITS WHILE WORK IS BEING PERFORMED ON 
OTHER SYSTEMS OR WHILE THE SIGNALING CIRCUIT ITSELF IS BEING SERVICED, 

ERIC ^'"^ 



/ 

/ 

(. . . • i9io.3oetd)ia^ 

AVOIDING DAMAGE TO THE CIRCUIT AND FALSE ALARMS. SEE FIGURE 103. THIS FIRE 
ALARMSYSTEM IS IDENTIFIED. 

FOR POWER-LIMITED FIRE PROTECTIVE SIGNALING CIRCUITS, THE MARKING MUST 
INDICATE THAT THE CIRCUIT IS A POWER-LIMITED FIRE PROTECTIVE SIGNALING 
CIRCUIT. THIS RULE IS INTENDED TO ENSURE THAT THE POWER-LIMITED FIRE 
CIRCUITS, WHICH OPERATE AT LOWER POWER AND VOLTAGE LEVELS, ARE NOT 
CONFUSeO WITH OTHER CIRCUITS OPERATING AT HIGHER VOLTAGES. 
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FIGURE 103. FIRE PROTECTIVE SIGNALING PANELS 
IDENTIFYING FIRE ALARM CIRCUITS 



Communieations ^sti> ms. 

(1) Scope, These provis|gps for oommu nication ^stem apply to such systems as 
central-station-connected a^flSion-central-^tat ion-connected telephone circuits^ 
radio and television receiving and transmitting equipment^ including community 

, antenna television and radio distribution systeivis^ telegraph, district messenger, 
and outside wiring for fire and burglar alarm, and similar central station systems. 
These installations need not comply vrith the provisions of §§1910.303 through 
1910.308(d). 

(2) Protective devices . 

715 Communication circuits so located as to be exposed to accidental contact 
with light or power conductors operating at over 300 volts shall have each 
circuit so exposed provided with a protector approved for the purpose. 



• COMMUNICATION SYSTEMS - PROTECTIVE DEVICES ^ 

<. r 

COMMUNIC'iTION CI RCUITS THAT ARE NEAR LIGHT AND POWER CONDUCTORS 
THAT OPERATE AT OVER 300 VOLTS MUST BE PROVIDED WITH A PROTECTIVE DEVICE 
THAT WILL STOP CURRENT I^LOW FROM THE POWER LINES THROUGH THE COMMUNI- 
CATION LINES, FUSED ARRESTERS ON EACH COMMUNICATION LINE ARE COMMONLY 
USED PROTECTIVE DEVICES. IF HIGH VOLTAGE POWER LINES ON POLES COME DOWN 
IN A STpRM AND ACCIDENTALLY CONTACT THE COMMUNICATION LINES THAT SHARE 
THE SAiyiE POLE, THESE PROTECTIVE DEVICES WILL NOT ALLOW THE HIGH VOLTAGE 
TO BE IMPRESSED ON THE COMMUNICATION CIRCUIT. PROTECTORS ARE REOUIRED 
BY THE NATIONAL ELECTRICAL CODE TO BE LOCATED AS NEAR AS PRACTICABLE TO 
THE POWER CONDUCTORS AND INSIDE, ON, OR ADJACENT TO THE BUILDINGS BEING 
SERVICED^ 

FIGUR^ 104 ILLUSTRATES PROTECTION FROM ACCIDENTAL CONTACT WITH POWER 
LINES OPERATING AT OVER 300 VOLTS WITH A LOW IMPEDANCE PROTECTIVE 
GROUNDING CONDUCTOR, AND ARRESTER, 
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Communrcation 




Low Impedence 
Grounding Conductor 



SHOULD A POWER LINE OPERATING AT OVER 300 VOLTS ACCIDENTALLY CONTACT 
THECOMMUNfCATION CONDUCTOR, THE PROTECTIVE ARRESTER Wl LL ALLOW THE 
EXCESS CURRENT TO TRAVEL TO GROUND INSTEAD OF ALONG THE COMMUNICATION 
CONDUCTOR. THE FUSE WILL THEN OPEN THE CIRCUIT TO EQUIPMENT 



FIGURE 104. PROTECTION OF COMMUNICATION SYSTEM FROM 
ACCIDENTAL CONTACT WITH POWER CONDUCTORS 



(ii) Each conductor of a lead-in from an outdoor antenna shall be provided with 
an antenna discharge unit or other suitable means thaj will drain static 
charges from the antenna system. ^ 
(3) Conductor location . 
TD Outside ofbuildings . 

(a) Receiving distribution lead-in or aerial-drop cabtes attache3 to 
^ buildings and lead-in conductors to radio transmitters shall be so 

installed as to avoid the possibility of accidental contact with elec*^ 
trie light or power conductors. 

(b) The clearance between lead^n conductors and any lightning pro- 
^ tection conductors may not be less than 6 feet. 

(ii) On poles . . Where practicable, cojnmunication conductors on poles shall be 
located below the light or power conductors. Communications conductors 
may not be attached to a crossarm that carries light or power conductors. 

(iii) Inside of buildings . Indoor antennas, lead-ins, and other communication 
conductors attached as open conductors' to the inside of buildings shall be 
located at least 2 inches ft'om conductors of any light or power or Class 

1 circuits unless a special and equally protective method of conductor 
separation, approved for the purpose, is employed. 
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(4) Equipment location . Outdoor metal structures supporting antennas, as well as 
self *suppbr ting antennas such as vertical rods or dipole structures, shall be located 

^ as far away from overhead conductors of electric light and power circuits of over 
150 volts to ground as necess^apy to avoid the possibility of the antenna or structure 
falling into or making accidental cbntact with such circuits. 

(5) Grounding . 

• TI) Lead-in conductors . If exposed to contact with electric light and power 
conductors, the metal sheath of aerial cables entering buildings shall be 
grounded or shall be iaterrupted close to the entrance to the building by 
an insulating joint or equivalent device. Where protective devices are used, 
they shall be gi;ounded in an approved manner. 



• LEAD-IN CONDUCTOR GROUNDING 

WHERE AERIAL COMMUNICATION CONDUCTORS ENTER BUILDINGS AND ARE 
LOCATED NEAR LIGHT AND POWER CONDUCTORS, THE METAL SHEATH COVERING t 
THESE CABLES MUST BE EFFECTIVElTgrOUWDED OR ITS CONTINUITY MUST BE 
INTERRUPTED BEFORE REACHING THE BUILDING, EITHER METHOD WiLL PREVENT 
THE PRESENCE OF POWER LINE VOLTAGE ON EQUIPMENT IN CASE A pdWEft. LINE 
ACCIDENTALLY CONTACTS THE COMMUNICATION CONDUCTORS- IN ADDITlilN, PRO- 
TECTIVE DEVICES OR ARRESTERS MUST ALSO BE PROPERLY GROUNDED SECAJUSE OF 
UNUSUAL CURRENT SURGES AMD POWER LEVELS THAT MAY OCCUR. PROPER ^ 
GROUNDING INCLUDES GROUNDING ELECTRODE CONDUCTORS HAVING APPROVED 
INSULATION, BEING NOT SMALLER THAN NO, IB COPPER, BEING RUN IN STRAIGHT, 
LINES, BEING PROTECTED FROM PHYSICAL DAMAGE, BEING CONNECTED TO THE 
, BUILDING GROUNDING ELECTRODE SYSTEM OR EQUIVALENT AT THE NEAREST 
ACCESSIBLE LOCATION, AND BEING CONNECTED WITH BOLTED CLAMpS OR BONDED. 



(ii) Antenna structures . Masts and metal structures supporting antennas shall 
be permanently and effectively grounded without splice or connection in 
the grounding conductor. 

(iii) Equipment enclosures . Transmitters shall be enclosed in a metal frame 
or gri!l or separated from the operating space by a barrier, all metallic 
parts of which are effectively connected to ground. All external metal 
handles and controls accessible to the operating personnel shall be effectively 
grounded. Unpowered equipment and enclosures shall be considered grounded 
where connected to an attached coaxial cable with an effectively grounded 
metallic shield. 
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DEFINITIONS , 
L0.399. Definitions Applicable to this Subpart 
(a) Defmitions applicable to §§1910.302 through 1910.330 . . 

(I) Acceptable . An installation or equipment is acceptable to the" Assistant Secretaiy 
of Labor, and approved within the meaning pf this Subpart S: 
(i) If it is accepted, or certified, or listed, or labeled, or otherwise determined 
to be safe by a nationally recognized tjssting laboratory, such as, but not 
limited lo, Undervvriters' Laboratories^ Inc. and rectory Mutual Engineering 
Corp.; or /. 



(ii) With respect to an installation or equipment pfa kind which no nationally 
recognized testing laboratory accepts,i certifies, ii^ts, labels, or determines 
to be safe, if it is inspected or tested by another Federal agency, or by e 
State, municipal, or other local authority responsible for enforcing occu- 
pational safety provisions of the National Electrical Code, and found in 
compliance with the provisions or the National Electrical Code as applied 
in this Subpart; or ' 

(iii) With respect to custom-made equipment or related i. .st alia t ions which are 
designed, fabricated for, and intended for use by a particular customer, 

if it is determined to be safe for its intended use by its manufacturer on 
the basis of test data which the employer keeps and makes available for 
inspection to the Assistant Secretary and his authorized representatives. 
(2) Accepted . An installation is "accepted^* if it has been inspected ar.u found by 
a nationally recognized testing laboratory to conform to specified plans or to 
procedures of applicable codes. 
(3^ A ?eessible . (As applied to wiring n.ethods.) Capable of being removed or exposed 
wi+hout damaging the building structure or finish, or not permanently closed in 
by le structuiie or finish of the building. (See "concealed" and "exposed .") 

(4) Accessible. (As applied to equipment.) Admitting close approach; not guarded 
by locked doors, elevation, or olier effective means. (See "Readily accessible.") 

(5) Ampacity . Current-carrying capacity of electric conductors expressed in amperes. 

(6) Appliances . Utilization equipment, generally other than industrial, normally buib. 
in standardized sizes or types, which is installed or connected as a unit to perform 
one or more functions such as clothes washing, air conditioning, food mixing, deep 
frying, etc. 

(7) Approved . Acceptable to tha authority enforcing this Subpart. Theatthority 
enforcing this Subpart is the Assistant Secretary of Labor for Occupational 
Safety and Health. The definition of "acceptable" indicates what is acceptable 
to the Assistant Secretary of Labor, and therefore approved within the meaning 
of this Subpart* 

(8) Approved for the purpose . Approved for a specific purpose, environment, or 
application described in a particular standatxi requirement. 

Suitability of equipment or materials for a specific purpose, environment or 
application may be determined by a nationally recognized testing laboratory, 
inspection agency or other organization coQc^med with product evaluation 
as P*irt of its listing and labeling program. (See "Labeled" or "Listed .") 

(9) Armored cable . Typ^ AC armcred cable is a fabricated assembly of insulated 
conductors in a flexible metallic enclosure. 

(10) Askarel. A generic term for a group of nonflammable synthetic chlorinated 
hydrocarbons used as electrical insulating media. Askarels of various compo- 
sitional types are used. Under arcing conditioas the gases produced, while 
consisting predominantly of noncombustible hydrogen chloride, c^n include 
varying amounts of combustible gases depending upon the askarel type. 

(11) Attachment plug (Plug caj^XCap) . A device v^hich, by insertion in a receptacle, 
establishes connection between the conductors of the attached flexible cord 
and the conductors connected permanently to the receptacle. 
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(12) Auto ma tie . Self-acting, operating by its own mechanis/n when actuated by 
some impersonal Influence, as, for example, a change in current strength, 
pressure, temperature, or mechanical configuration. 

(13) Bare conductor . See "Conductor ." " 

(14) Bonding . Tt\e permanent joining of metallic parts to form an electrically con- 
ductive path which will assure electrical continuity and the capacity to conduct 
safely any current likeiy to be imposed. 

(15) Bonding jumper . A reliable conductor to assure the required electrical conduc- 
tivity between metal parts reouired to be electrically connected, 

(16) Branch circuit . The circuit conductors between the final over-current device 
protecting the circuit and the outlet(s). 

(17) Building . A structure which stands alone or which ts cut off from adjoining 
structures by fire walls with all openings therein protected by approved fire 
doors. 

(18) Cabinet . An enclosure designed either for surface or flush mounting, 
and provided with a frame, mat, or trim in which a swinging door or doors 
are or may be hung. 

(19) Cable tray system . A cable tray system is a unit or assembly of units or 
sections, and associated fittings, made of metal or other non-combustible 
materials forming a rigid structural system used to support cables. Cable tray 
systems include ladders, troughs, channels, solid bottom trays, and other 
similar structures. 

(20) Cablebus. Cablebus is an approved assembly of insulated conductors with 
fittings and conductor terminations in a completely enclosed, ventilated, 
protective metal housing. 

(21) Center pivot irrigation machine . A center pivot irrigation machine is a muUi- 
motored irrigation machine which revolves around a central pivot and employs 
alignment switches or similar devices to control individual motors. 

(22) Certified . Equipment is Vertified" if it (a) has been tested and found by a 
nationally recognized testing laboratory to meet nationally recognized stand- 
ards or to be safe for use in a specified manner, or (b) is of a kind whose pro- 
duction is periodically inspected by a nationally recognized testing laboratory, 
and (c) it bears a label, tag, or other record of certification. 

(23) Circuit breaker . 

10 (GOO volts nominal, or less). A device designed to open and close a 

circuit by nonautomatic means and to open the circuit automatically 
on a predetermined overcurrent without injury to itself when properly 
applied within its rating. 

(ii) (Over 600 volts, nominal). A switching device capable of making, 
carrying, and breaking currents under normal circuit conditions, and 
also making, carrying for a specified time, and breaking currents 
under specified abnormal circuit conditions, such as those of short 
circuit. 

(24) Class 1 locations . Class I locations are those in which flammable gases or 
vapors are or may be present in the air in quantities sufficient to produce 
explosive or ignitible mixtures. Class I locations include the following: 
(i) Cl ass I, Division 1 . A Class. I, Division I location is a location: 

(a) In which hazardous concer+rations of flammable gases or vapors 
may exist under no.^mal operating conditions; or 

(b) In which hazardous concentratioiis of such gases or vapors may 
exist frequently because of repair or maintenance operations 
or because of leakage; or 

(c) In which breakdown or faulty operation of equipment or pro- 
cesses might release hazardous concentrations of flammable 
gases or vapors, and might also cause simultaneous failure of 
electric equipment. 
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NOTE; This classification usually includes locations where volatile 
flammable liquids or liquefied flammable gases are transferred from 
one container to another; interiors of spray booths and areas in the 
vicinity of spraying and painting operations where volatile flammable 
solvents are used; locations containing open tanks or vats of volatile 
flammable liquids; drying rooms or compartments for the evaporation 
of flanmablr solvents; locations containing fat and oil extraction 
equipnr>^nt using volatile flammable solvents; portions of cleaning 
and dying plants where flammdjle liquids are used; gas generator 
rooms arr other portions of gas manufacturing plants where flammdjle 
gas may escape; inadequately ventilated pump rooms for flammable 
gas or for voFalile namitrablg liqoTdsj Ihe interiors of ref rtgerstars ^ 
and freez.ers in which volatile flammable materials are stored in open, 
lightly stoppered, or easily ruptured contt:iners; and all other locations 
where igLiitible concentrations of flamma'jle vapors or gascas are likely 
to occur in the course of normal operations. 
Class I. Oivision 2. A Class I, Division 2 location is a location; 
laj in wnicn volatile flammable liqui<is or flammable gases are 
handled, processed, or used, but in which the hazardous liquids, 
vapors, or gases will normally be confined within closed con- 
tainers or closed systems from which they can escape oniy in 
case of accidental rupture or breakdown of such containers or 
systems, or in case of abnormal operation of equipment; or 

(b) In which hazardous concentrations of gases or vapors are 
normally prevented by positive mechanical ventilation, and which 
might become hazardous through failure or abnormal operations 
of the ventilating equipment; or 

(c) That is adjacent to a Class I, Division 1 location, an* to which 
hazardous concentrations of gases or vapors might ^asionally 
be communicated uniess such communication is prevented by 
adequate positive-pressure ventUation from a soiTce of clean 
air, and effective safeguards against ventilation failure are 
provided. 

NOTE; This, classification usually includes locations where volatile 
flammable liquids or flammable gases or vapors are used, but which 
would become hazardous only in case of an accident or of some 
unusual operating condition. The quantity of flammable material 
that might escape in case of accident, the adequacy of ventilatixig 
equipment, the total area involved, and the record of the industry 
or business with resg)ect to explosions or fires are all factors that 
merit consideration in determining the classification and extent of 
each location. 

Piping without valves, checks, meters, and similar devices would not 
ordinarily introduce a hazardous condition even though used for 
flammable liquids or gases. Locations used for the storage of 
flammable liquids or of liquefied or compressed gases in sealed con- 
tainers would not normally be considered hazardous unless also subject 
to other hazardous conditions. 

Electrical conduits and their associated enclosures separated from 
process fluids by a single seal or barrier are classed as a Division 2 
location it the outside of the conduit and enclosures is \ .lonhazardoas 
location. 



(25) Class n loeations. Class U locations are those that are hazardous because 
of the presence of combustible dust. Class II locations include the following: 

(i) Class llf Division K A Class 11, Division 1 location is a location: 

(a} In which combustible dust is or may be in suspension in the air 
under normal operating conditions, in quantities sufficient to 
produce explosive or ignitible mixtures; or 
(b) Where mechanical failure or abnormal operation of machinery 
^ or equipment might cause such explosive or ignitible mixtures 
to be produced, and might also provide a source of ignition 
through simultaneous failure of electric equipment, operation 
of protection devices, or from other causes, or 

(6)1n"whieh combusMble-dustsof. an electrically . c^^^^^ 

may be present. 

NOTE: This classification may include areas of grain handling and 
processing plants, starch plants, sugar-pulverizing p^ants, malting plants, 
hay-^frinding plants, coal" pulverizing plants, areas where metal dusts 
and powders are produced or processed, and other similar locations 
which contain dust producing machinery and equipment (except where 
the equipment is dust-tfght or vented to the outside). These areas would 
have combustible dust in the air, under normal operating conditions, 
in quantities sufficient to produce explosive or ignitible mixtures. 
Combustible dusts which are electrically nonconductive include dusts 
produced in the handling and processing of grain and graJn products, 
pulverized sugar and cocoa, dried egg and milk powders, pulverized 
spices, starch and pastes, potato and woodflour, oil met 1 from beans 
and seed, dried hay, and other organic materials which may produce 
combustible dusts when processed or handled. Dusts containing mag- 
nesium or aluminum are particularly hazardous^ and the use of extreme 
caution is necessary to avoid ignition and explosion. 

(ii) Class U, Division 2 . A Class U, Division 2 location is a location in which: 



(a) Combustible dust will not normally be in suspension in the air 

in quantities sufficient to produce explosive or ignitible mixtures, 
and dust accumulations are normally insufficient to interfere 
with the normal operation of electrical equipment or other 
apparatus; or 

(b) Dust may be in suspension in the air as a result of infrequent 
malfunctioning of handling or processing equipment, and dust 
accumulations resulting therefrom may be ignitible by abnormal 
operation or failure of electrical equipment or other apparatus. 

NOTE: This classification includes locations where dangerous concen- 
trations of suspended dust would not be likely but where dust accu- 
mulations might form on or in the vicinity of electric equipment. 
These areas may contain equipment from which appreciable quantities 
of dust would "!ape under abnormal operating conditions or be adjacent 
to a Class II E ision 1 location, as described above, into which an 
explosive or ignitible concentration of dust may be put into suspension 
under abnormal operating conditions. 



(26) Class 111 locations. Class 111 locations are those that are hazardous because 
of the presence of easily ignitible fibers or flyings but in which such fibers 
or flyings are not likely to.be in suspension in the air in quantities sufficient 
to produce ignitible mixtures. Class III locations include the following: 
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(i) Class III, piyisiqn 1 . A Class III, Division 1 location is a location in which 
easily ignitibl<? fibers or materials producing combustible flyings are 
handled, manufactured, or used. 

NOTE; Such locations usually include some parts of rayon, cotton, 
and other textile mills; combustible fiber manufacturing and pro- 
cessing plants; cotton gins and cotton-seed mills; fiax-processing 
plants; clothing manufacturing plants; woodworking plants, and 
establishments; and industries involving similar hazardous processes 
or conditions. 

Easily ignitible fibers and flyings include rayon, cotton (including ■ 
cotton linters and cotton waste), sisal or henequen, istle, jute, hemp^ 
tow, cocoa fiber, oakum, baled waste ka^ ok, Spanish moss, excelsior, 
and other nx a^er ials, of similar nature. 

(ii) Class III, Division 2 . A Class HI, Division 2 location is a location in 
which easily ignitible fibers are stored or handled, except in process 
of manufacture. 

(27) Collector rin g. A collector ring is an assembly of slip rings for transferring 
electrical energy from a stationary to a rotating member. 

(28) Concealed . Rendered inaccessible by the structure or finish of the buildii^. 
Wires in concealed raceways are considered concealed, even though they may 
become accessible by withdrawing them. tSee Accessible . (As applied to 

-wiring methods.)"] 

(29) Conductor. 

ID Ba re. A conductor having no covering or electrical insulation whatiioever. 
(ii) Covered . A conductor encased within material of composition or 

thickness that is not recognized as electrical insulation. 
(iiO Insulated . A conductor encased within material of composition and 

thickness that is recognized as electrical insulation. 

(30) Cg nduit body . A separate portion of a conduit or tubing system that provides 
access through a removable coverCs) to the interior of the system at a junction 
of two or more sections of the system or at a terminal point of the system. 
Boxes such as FS and FD or larger cast or sheet metal boxes are not classified 
as conduit bodies. 

(31) Controller . A device or group of devices that serves to govern, in some pre- 
determined manner, the electric power delivered to the apparatus to which 
it is connected. 

(32) Cooking unit, counter-mounted . A cooking appliance designed for mounting 
in or on a counter and consisting of one or more heating elements, internal 
wiring, and built-in or separately mountable controls. (See "Oven, wall- 
mounted.") 

(33) Covered conductor . See "Conductor .'^ 

(31) Cutout . tOver 600 volts, nominal.) An assembly of a fuse support with either 
a fuseholder, fuse carrier, or disconnecting blade. The fuseholder or fuse carrier 
may include a conducting element (fuse link), or may act as the disconnecting 
blade by the inclusion of a nonfusible member. 

(35) Cutout box . An enclosure designed for surface mounting and having swinging 
doors or covers secured directly to and telescoping with the walls of the box 
proper. (See "Cabinet .") 

(36) Damp location . See "Location ." - 

(37) Dead front . Without live parts exposed to a person on the operating side of 
the equipment. 

(38) Device . A unit of an electrical system which is intended to carry but not 
utilize electric energy. 
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(39) Dielectric heating . Dielectric heating is the heating of a nominally insulating 
material due to its own dielectric losses when the material is placed in a 
varying electric field. 

(40) Disconnecting means . A device, or group of devices, or other means by which 
the conductors of a circuit can be disconnected from their source of supply. 

(41) Disconnecting (or Isolating) switch . (Over 6O0 volts, nominal.) A mechanical 
switching device used for isolatirg a circuit or equipment from a source of 
power. 

(42) Dry location . See "Location. ^^ 

(43) jSlectric sign . A fixed, stationary, or portable self-contained, electrically 
illuminated utilization equipment with words or symbols designed to convey 
information or attract attention. 

(44) Enclosed. Surrounded by a case, housing, fence or walls which w^ll prevent 
persons from accidentally contacting energized parts. 

(45) Enclosure . The case or housing of apparatus, or the fenco or walls surrounding 
an installation to prevent personnel from accidentally contacting energized 
parts, or to protect the equipment from physical damage. " 

(46) Equipment . A general term including material, fittings, devices, appliances, 
. fixtures, apparatus, and the like, used as a part of, or in connection with, an 

electrical installation. 

(47) Equipment grounding condu c tor . See '^Grounding conductor, ecjuipment." 

(48) Explosion-proof apparatus . "Apparatus enclosed in a case that is capable of 
withstanding an explosion of a specified gas or vapor which may occur within 
it and of preventing the ignition of a specified gas or vapor surrounding the 
enclosure by sparks, flashes, or explosion of the gas or vapor within, and which 
operates at such an external temperature that it will not ignite a surrounding 
flammable atmosphere. O 

(49) > Exposed . (As applied to live parts*) Capable of being inadV^^t^^tly to,uched 

or approached nearer than a safe distance by a person. It ife applied to parts 
not suitably guarded, isolated, or instilated. (See " Accessibl e and ^^Concealed.*0 

(50) Exposed . (As applied to wiring methods.) On or attached to the surface or ' 
behind panels designed to allow access. [See Accessible. (As applied to wiring 
methods.)**] 

(51) Exposed . (For the purposes of §1910. 308(e), Communications systems.) Where 
the circuit is in such a position that in case of failure of supports or insulation, 
contact with another circuit may result. 

(52) Externally operable . Capable of being operated without exposing the operator 
to contact with live parts. 

(53) Feeder . All circuit conductors between the service equipment, or the generator 
switchboard of an isolated plant, and the final branch-circuit overcurrent device. 

(54) Fitting . An accessory such as a locknut, bushing, or other part of a wiring 
system that is intended primarily to pe^'form a mechanical rather than an 
electrical function. 

(55) Fuse . (Over 600 volts, nominal.) An overcurrent protective device with a circuit 
opening fusible part that is heated and severed by the passage of overcurrent 
through it. A fuse comprises all the parts that form a unit capable of per- 
forming the prescribed functions. It may or may not be the complete device 
necessary to connect it into an electrical circuit. 

(56) Ground . A conducting connection, whether intentional or accidental, between 
an electrical circuit or equipment and the earth, or to some conducting body 
that serves in place of th^ earth- 

(57) Grounded . Connected to eartn or to some conducting body that serves in place 
of the earth. 



(58) Grounded, effeetively (Over 600 volts, nominal.) Permanently connected 

to earth through a ground connection of sufficiently low impedance and having 
sufficient ampacity that ground fault current which may occur cannot build 
up to voltages dangerous to personnel. 

(59) Grounded conductor . A system or circuit conductor that is intentionally 
grounded. 

(60) Grounding conductor . A conductor used to connect equipment or the grounded 
circuit of a wiring system to a grounding electrode or electrodes. 

(61) Grounding conductor, equipment . The conductor used to connect the non- 
current-carrying metal parts of equipment, raceways, and other enclosures 
to the system grounded conductor and/or the grounding electrode conductor 
at the service equipment or at the source of a separately derived system. 

^62) Grounding electrode conductor . The c^onductor used to connect the grounding 
electrode to the equipment grounding conductor and/or to the grounded con- 
ductor of the circait^tthB^seTvieiS^'e^^^^ the source of a^eparatel^ 
derived system. 

(63) Ground-fault circuit-interrupter . A device whose function i£, to interrupt the 
electric circuit to the load when a fault current to ground exceeds some pre- 
determined value that is less than that required to operate the overcurrent 
protective device of the supply circuit. 

(64) Guarded. Covered, shielded, fenced, enclosed, or otherwise protected by means 
of suitable covers, casings, barriers, rails, screens, mats, or platforms to remove 
the likelihood of approach to a point of danger or contact by persons or objects. 

(65) Health care facilities . Buildings or portions of buildings and mobile homes 
that contain, but are not limited to, hospitals, nursing homes, extended care 
facilities, clinics, and medical and dental offices, whether fixed or mobile. 

(66) Heating equipment . For the purposes of §19l0.306(g), the term "heating equip- 
ment'' includes any equipment used for heating purposes if heat is generated 
by induction or dielectric methods.^-r ^ 

(67) HoistwaV ' Any shaftwayj hatchway, well hole, or ot^er vertical opening or 
space m which an elevator or dumbwaiter is designed to operate. 

(68) Identified . Identified, as used in reference to a conductor or its terminal, 
means that such, conductor or terminal can be readily recognized as grounded. 

(69) In duction heating , induction heating is the heating of a nominally conductive 
■nateriel due to its own 1 R losses when the material is placed in*a varying 
electromagnetic field. 

(70) Insulated conductor . See "Conductor ." 

(71) Interrupter switch . (Over 600 volts, nominal.) A switch capable of making, 
carrymgj and interrupting specified currents, 

(72) Irrigation machine . An irrigation machine it an electrically driven or con- 
trolled machine, ^ith one or more motors, not hand portable, and used pri- 
marily to transport and distribute water for agricultural purposes. 

(73) Isolated . Not readily accessible to persons unless special means for access 
are used. 

(74) Isolated power system . A system comprising an isolating transformer or its 
equivalent, a line isolation monitor, and its ungrounded circuit conductors. 

(75) Labeled. Equipment is "labeled" if there is attached to it a label, symbol, 

or other identifying mark of a nationally recognised testing laboratory which, 
(a) makes periodic inspections of the production of such equipment, and (b) 
whose labeling mdicates compliance with nationally recognized standards or 
tosts to determine safe use in a specified manner. 

(76) Lighting outlet . An outlet intended for the direct connection of a lampholder, 
a lighting fixture, or a pendant cord terminating in a lampholder. 
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(77) Us ted . Equipment is "listed" if it is of a kind mentioned in a list which, (a) 
is published by a nationally recognized laboratory which makes periodic in- 
spection of the production of such equipment, and (b) states such equipment 
meets nationally recognized standards or has been tested and found safe ^or 
use in a specified manner. 

(78) location . 

(i) Damp loc a ti on. Partially protected locations under canopies, marquees, 
roofed bpen"pbrches, and like locations, and interior locations subject 
to moderate d«jgrees of moisture, such as some basements, sorpe barns, 
and some cold-storage warehouses. 

(ii) Dry location . A location not normally subject to dampness or wetness. 
A location classified as dry may be temporarily subject'to dampness 

or wetness, as in the case of a building uuder construction. 

(iii) Wet location , installations underground or in concrete slabs or masonry 
in direct contact with the earth, and locations subject to saturation 
with water or Qtlier liquids,. such as vehicle-swashing areas, and 
locations exposed to weather md unprotected. 

(79) Medium voltage cable . Type MV medium voltage cable is a single or multi* 
conductor solid dielectric insulated cable rated 2O00 volts or higher. 

(80) Metal-clad cable . Type MC cable is a factory assembly of one or more con- 
ductors, each individually insulated and enclosed in a metallic sheath of inter- 
locking tape, or a smooth or corrugated tube. 

(81) Mineral-insulated metal-sheathed cable . Type MI mineral^insulated metal- 
sheathed cable is a factory assembly of one or more conductors insulated with 
a highly compressed refractor/ mineral insulation and enclosed in a liquid-tight 
and gas-tight continuous copper sheath. 

(82) Mobile X-ray . X-ray equipment mounted on a permanent base with wheels 
. and/or casters for moving while completely assembled. 

(83) Nonmetallic-sheathed cable . Nonmetallic-sheathed cable is a factory assembly 
of two or more insulated conductors having an outer sheath of moisture resist- 
ant, flame^retardant, nonmetallic material. Nonmetallic Sheathed cable is 
manufactured in the following types; 

(i) Type NM . The overall covering has a flame-retardant and moisture- 
resistant finish. 

(ii) Type NMC . The overall covering is flame-retardant, moisture- 
resistant, fungus-resistant, and corrosion-resistant. 

(84) Oil (filled) cutout . (Over 600 volts, nominal-) A cutout in which all or part 
of the luse support and its fuse link or disconnecting blade are mounted in 
oirwith complete immersion of the contacts and the fusible portion of the 
conducting element (fuse link), so that arc interruption by severing of the 
fuse link or by opening of the contacts will occur under oil- 

(85) Open wiring on insulators . Open wiring oa insulators is an exposed wiring 
method using cleats, knobs, tubes, and flexible tubing for the protection and 
support of single insul£:ted conductors run in or on buildings, and not concealed 
by the building structure. 

Outlet . A point on the wiring system at which current is taken to supply 

ulilirTtion equipment 
v87) Outline lighting . An arrangement of incandescent lamps or electric discharge 

tubing to outline or call attention to certain features su ^ as the Ghape of 

a building or the decoration of a window. 
(88) O ven, wall-mounted . An oven for cooking purposes designed for mounting 

irT^r on a wall or other surface and consisting of one or more heating elements, 

internal wiring, and built-in or separately mountablc controls, (See "Cooking 

unitt counter-mounted." 
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(89) OvercurrenL Any current in excess of th^ated current of equipment or the 
ampacity of a conductor. It may result fcom ovejpioad (see definition), short 
circuit, or ground fault. A current Tn excess of taking may be accommodated 
by certain equipment and conductors for a given set of conditions. Hence 

the rules for overcurrent protection are specific for particular situations. 

(90) Overload . Operation of equipment in excess of normal, full load rating, or 

of a conductor in excess of rated ampacity which, when it persists for a suffi- 
cient length of ttme, would cause damage or dangerous overheating. A fault, 
such as a short circuit or ground fault, is not an overload. (See "Overcurrent.") 
(90 Panelboard . A single panel or group of panel units designed for assembly in 
the form of a single panel; incluaing buses, automatic overcurrent devices, 
and with or without switches for the control of light, heat, or power circuits; 
designed to be placed in a cabinet or cutout b^x placed in or against a wall 
or partition &nd accessible only from the frortt. (See "Switchboard.") 

(92) Permanently installed decorative fountains and reflection pools. Those that 
are constructed in the ground, on the ground, or in a building in such a manner 
that the pool cannot be readily disassembled for storage and are served by 
electrical circuits of any nature. Th^se units are primarily constructed for 
their aesthetic value and not intended for swimming or wading. 

(93) Permanently installed swimming pools> w*iding and therapeutic pools. Those 
that are constructed in the ground, on the ground, or in a building in such ^ 
manner that the pool cannot be readily disassembled for storage whether or 
hot served by electrical circuits of any nature. 

(94) Portable X-ray . X-ray equipment designed to be hand-carried. 

(95) Power and control tray cable . Type TC power and control tray cable is a 
factory assembly of two or more insulated conductors, with or without asso- 
ciated bare or covered grounding conductors under a nonmetallic sheath, 
approved for installation in cable trays, in raceways, or where supported by * 
a messenger wire. 

(96) Power fuse . (Ov^r 600 volts, nominal.) See " Fuse ." 

(97) Power-limited tray cable . Type PLTC non metallic-sheathed power limited 
tray cable is a factory assembly of two or more insulated conductors under 
a nonmetallic jacket. 

(98) Power outlet . An enclosed assembly which may include receptacles, circuit 
breakers, fuseholders, fused switches, buses and watt-hour meter mounting 
means; intended to supply and control power to mobile homes, recreational 
vehicles or boats, or to serve as a means for distributing power required to 
operate mobile or temporarily installed equipment. 

(99) Premises wiring system . That interior and exterior wiring, including power, 
lighting, control, and signal circuit wiring together with aU of its associated 
hardware, fittings, and wiring devices, both permanently and temporarily in- 
stalled, which extends from the load end of the service drop, or load end of 
the service lateral conductors to the outlet(s). Such wiring does not include 
wiring internal to appliances, fixtures, motors, controllers, motor control 
centers, and similar equipment. 

(100) Qualified person . One familiar with the construction and operation of the 
equipment and the hazards involved. 

(101) Raceway . A channel designed expressly for holding wires, cables, or busbars, 
with additional functi^^ns as permitted in this subpart. Raceways may be 

of metal or insulating material, and the term includes rigid metal conduit, 
rigid nonmetallic conduit, intermediate metal conduit, liquidtight flexible 
metal conduit, fleiCible metallic tubing, flexible metal conduit, electrical 
metallic tubings underfloor raceways, cellular concrete floor raceways, 
cellular metal floor raceways, surface raceways, wireways, and busways. 
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tlOi) Re^tflily ftcces:>il:)Ie . Capable of toeing reached quickly for operation, renewal, 
or inspections, without requiring those to whom ready access is requisite to 
climb over or remove obstacles or to resort to portable ladders, chairs, etc, 
(See "Accessible,") 

(10.)) Ueceptacle . A receptacle is a contact device installed at the outlet for the 
connection of a single attachment plug, A r'ngle receptacle is a single contact 
device with^o other contact device on the same yoke, A multiple receptacle 
is a single device containing two or more rcjceptacles, 

(104) Receptacle outlet . An outlet where one op more receptacles are installed, 

(105) Remote-control circuit . Any electric circuit that controls any other circuit 
through a relay or an equivalent device, 

(106) Sc alable equipment . Equipment enclosed in a case or cabinet that is provided 
With a means of sealing or locking so that live parts cannot be made accessible 
without opening the enclosure. The equipment may or may not be operable 
without opening the enclosure, 

(107) S eparately derived system , A premises wiring system whose power is derived 
from generator, transformer, or converter winding and has no direct electrical 
"OPHiection, including a solidly connected grounded circuit conductor, to supply 
conductors originating in another system, 

(108) Service , Tlio conductors and equipment for delivering energy frofn, the 
electricity supply system to the wiring system of the premii^es served, 

(109) Service cable . Service conductors made up in the form of a cable, 

(110) Service conductors . The supply conductors that extend from the street main 
or from transformers to the service equipment of the premises supplied, 

(HI) Service drop . The overhead service conductors from the last pole or other 
aerial support to and including the splices, if any, connecting to the service-* 
entrance conductors 9t the building or other structure, 

{U2) Se rvico-en trance cable , Service^entrance cable is a single conductor or multi- 
conductor assembly provided with or without an overall covering, primarily 
used for services and of the following types: 

(0 Type SE , having tt flame-retardant, moisture-resistant covering, 

but not required to have inherent protection against mechanical abuse, 

^li) Type USE , recognized for underground use, having a moisture- 
resistant covering, but not required to have a flame-retardant covering 
or inherent protection against mechanical abuse. Single-conductor 
cable?; having an insulation specifically approved for the purpose do 
not require an outer covering* 
(Ui^) *Servicc-CTitr^nce conductors, overhead system . The service conductors 

between the terminals of the service equipment and a point usually outside 

tho building, clear of building walls, where joined by tap or splice to the 

service drop, 

(U4) Service entrance conductors^ underground system . The service conductors 
between the terminals of the service equipment and the point of connection 
to the service lateral. Where service equipment is located outside the building 
walls, there may be no service-entrance conductors, or they rnay be entirely 
outside the building, 

(115) Service equipment . The necessary equipment, usually consisting of a circuit 
breaker or switch and fuses, and their accessories, located near the point of 
entrance of supply conductors to a building or other structure^ or an otherwise 
defined area, and intended to constitute the main control and mean§ of cutoff 
of the supply. 

(U6) Service raceway . The raceway that encloses the service^ntrance conductors. 



(n?) Shielded aoametallie-sheathed cable . Type SNM, shielded non-metallic-sheatheo 
cable is a factory assembly of two or more insulated conductors in an extruded 
core of moisture-resistant, flame-resistant nonmetallic material, covered 
with an overlapping spiral metal tape and wire shield and jacketed with ari 
extruded moisture-, flame-, oil-, corrosion-, fungus-, and sunlight-resistant 
nonmetalUc material* > 

(U8) Show window . Any window used or designed to be used for the display of goods 
or advertising material, whether it is fuUy or partly enclosed or entirely open 
at the rear and whether or not it has a platform raised higher than the street 
floor level. 

(119) Sign. See "Electric Sign." 

(120) Signaling circuit . Any electric circuit that energizes signaling equipment. 

(121) Special permission . The written consent of the authority having jurisdiction. 

(122) Storable swimming or wading pool . A pool with a maximum dimension of 15 
feet and a maximum wall heigVit of 3 feet and is so constructed that it may 
be readily disassembled for storage and reassembled to its original integrity. 

(123) Switchboard . A large single panel, frame, or assembly of panels which have 
switches, buses, instruments, overcurrent and other protective devices mounted 
on the face or back or both. Switchboards are generally accessible from the 
rear as well as from the front and are not intended to be installed in cabinets. 
(See "PanelfaQ&rd.") 

(124) Switches. 

(i5 General-use switch . A switch intended for use in general distribution 
and branch cil^cuits. It is rated in amperes, and it is capable of inter- 
rupting its rated current at its rated voltage. 

(ii) General-use snap switch. A form of general-use switch so constructed 
that it can be installed in flush device boxes or on outlet box covers, 
or otherwise used in conjunction with wiring systems recognized by 
this subpart. 

(iii) Isolating switch . A switch intended for isolating an electric circuit 
from the source of power. It has no interrupting rating, and it in- 
tended to be operated only after the circuit has been opened by some 
other means. 

(iv) Motor-circuit switch. A switch, rated in horsepower, capable of 
interrupting the maximum operating overload current of a motor of 
the same horsepower rating as th3 switch at the rated voltage^ 

(125) Switching devices . (Over 600 volts, nominal.) Devices designed to close and/or 
open one or more electric circuits. Included in this category are circuit 
breakers, cutouts, disconnecting (or isolating) switches, disconnecting means, 
interrupter switches, and <Sil (filled) cutouts. 

(126) Transportable X-ra ^^ X-ray equipment installed i"^ *i vehicle or that may 
readily be disassembled for transport in a vehicle. 

(127) Utilization equipment . Utilization equipment means equipment which utilizes 
electric energy for mechanical, chemical, heating, lighting, or similar useful 
purpose. 

(128) Utilization system . A utilization system is a system which provides electric 
power and light for employee workplaces, and includes the premises wiring 
system and utilization equipment. 

(129) Ventilated . Provided with a means to permit circultion of air sufficient to 
remove an excess of heat, fumes, or vapors. 
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(130) Volatile flammable liquid . A flammable liquid having a flash point below 38 
degrees C UOO degrees bl or whose temperature is above its flash point. 

(131) Voltage (of a eireuit) . The greatest root-mean-square (effective) 
difference, of potential between any two conductors of the circuit concerned. 

(132) Voltage, nominal . A nominal value assigned to a circuit or system for the 
purpose of conveniently designating itsvojtage class (as 120/240^ 480Y/277, 
600, etc.). The actual voltage at which a circuit operates can vary from the 
nominal within a range tfiat permits satisfactory operation of equipment. 

(133) Voltage to graind . For grbunded circuits, the voltage between the given con- 
ductor and that point or conductor of the circuit that is^groinded; for ur^rainded 
circuits, the greatest voltage between the given conductor and any other con*- 
ductor of the circuit. 

(134) Watertight . So constructed that moisture will not enter the enclosure. 

(135) Weatherproof . So constructed or protected that expoaife to the weather wi|! 
not interfere with aiccessful operation. Rainproof, raintight, or watertight 
equipment can fulfil! the requirements for weatherproof where varying wea'^ier 
conditions other +han wetness, such as snow, ice, dust, or temperature extr^^aes, 
are not a factor. 

(136) Wet location . 'See "Location." 

(137) Wire ways . Wireways are sheet-metal troughs with hinged or removable covers 
for housing and protecting electric wires and cable and in which conductors 
are laid in place after the wireway has been installed as a complete system. 
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